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MOTOROLA 
POWER TRANSISTORS 
IN BRIEF 


Wide Range of Transistor Specifications 

Bipolar transistors, NPNs and PNPs, single and multiple (Darlington) transistor struc- 
tures, metal and plastic packages. Motorola’s inventory of more than 1100 standard 
(off-the-shelf) power transistors covers the widest range of specifications for virtually 
every potential applications requirement. 

Current Range — 0.5 to 100 Amperes 
Voltage Range — 25 to 1 800 Volts 
Power Dissipation Range — 5 to 250 Watts. 

Darlingtons 

Consisting of two transistors, up to two resistors, and (up to) two diodes on a single 
chip, Darlington transistors achieve gain figures up to 20,000 in a single package. 
Rapid line expansion, and the resulting widespread implementation make Motorola 
Darlingtons highly cost-effective in a fast growing number of applications. 

Chips, Chips, Chips! 

Designing a hybrid? Motorola’s wide range of power transistors is available. . . . 
UNENCAPSULATED through authorized chip distributors: Check with your Motorola 
Sales representative for the chip distributor in your area, preferred parts list, price and 
delivery. 

Specials 

Need a unique transistor with specifications not available off-the-shelf? Chances 
are Motorola can produce it quickly and inexpensively. Routine use of four major power 
processes and more than two decades of experience in the pioneering of new structures 
and geometries provide the insight and capability to meet any required specification 
within the limits of today’s technology. Specials will require minimum order quantities 
and minimum yearly run rates. Check with your local Motorola representative for more 
information on special devices. 





Alphanumeric Index 
and Cross Reference 

The table on the subsequent pages con- 
tains an Alphanumeric index of Silicon power 
transistors currently manufactured and avail- 
able to the industry. 

The column headed “Similar” lists units 
with characteristics that might represent suit- 
able replacements. In cases where such a 
replacement is contempiated, the Motorola 
device data sheet should be carefully com- 
pared with one for the device being replaced 
to determine any variations that could affect 
circuit performance. 
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ALPHANUMERIC INDEX — CROSS-REFERENCE 


The following table represents an index and cross- 
reference guide for all low-frequency power transistors 
which are either manufactured directly by Motorola or 
for which Motorola manufactures a suitable equivalent. 
Where the Motorola part number differs from the Indus- 


industry 

Part Numbar 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

2N1487 


2N5877 

3-127 

2N1488 


2N5878 

3-127 

2N1489 


2N5877 

3-127 

2N1490 


2N5878 

3-127 

2N1702 


2N5877 

3^27 

2N3016 


2N5337 

3-100 

2N3021 


2N3789 

3-56 

2N3022 


2N3789 

3-56 

2N3023 


2N3789 

3-56 

2N3024 


2N3791 

3-56 

2N3025 


2N3791 

3-56 

2N3026 


2N3791 

3-56 

2N3054 

2N3054 


. 3-2 

2N3054A 

2N3054A 


3^2 

2N3055 

2N3055 


: 3-6 

2N3055A 

2N3055A 


3-9 

2N30$5H 


2N3055A 

. 3-9 

2N3055JAN 


2N5302JAN 

3-96 

2N3055SD 


2N3055A 

3-9 

2N3055UB 


2N3055A 

3-9 

2N3076 


2N6249 

3-177 

2N3079 


2N6308 , 

3-194 

2N3080 


2N6543 

3-229 

2N3171 


2N3789 

3-56 

2N3172 


2N3789 

3-56 

2N3173 


2N3790 

3-56 

2N3174 


2N6226 

3-9 

2N3183 


2N3789 

3-56 

2N3184 


2N3789 

3-56 

2N3185 


2N3790 

3-56 

2N3186 


IVIJ15016 

3-9 

2N3195 


2N3789 

3-56 

2N3196 


2N3789 

3-56 

2N3197 


2N3790 

3-56 

2N3198 


IVIJ15016 

3-9 

2N3202 


2N3719 

3-32 

2N3203 


2N3720 

3^2 

2N3204 


2N6303 

3-32 

2N3232 


2N5877 

3-127 

2N3233 


2N5882 

3-130 

2N3234 


2N5760 

3-123 

2N3235 


2N3055 

3-6 

2N3236 


2N5882 

3-130 

2N3237 


2N5302 

3-96 

2N3238 


2N5882 

3-130 

2N3239 


2N5882 

3-130 

2N3240 


2N5882 

3-130 

2N3418 


2N5336 

3-100 

2N3419 


2N5336 

3-100 

2N3420 


2N5336 

3-100 

2N3421 


2N5336 

3-100 

2N3441 

2N3441 


3-13 

2N3442 

2N3442 


3-15 

2N3445 

2N3477 


3-18 

2N3446 

2N3448 


3-18 


try part nufnber, the Motorola device is a "'form, fit and 
function" replacement for the industry type number — 
however, subtle differences in characteristics and/or 
specifications may exist. 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

2N3447 

2N3447 


3-18 

.2N3448 

2N3448 


3-18 

2N3583 

2N3583 


3:20 

2N3584 

2N3584 


3-20 

2N3585 

2N3585 


3-20 

2N3667 


2N5881 

3-130 

2N3713 

2N3714 


3-26 

2N3714 

2N3714 


3-26 

2N3715 

2N3715 


3-26 

2N3715JAN 

2N3715JAN 


3-26 

2N3715JTX 

2N3715JTX 


3-26 

2N3715JTXV 

2N3715JTXV 


3-26 

2N3716 

2N3716 


3-26 

2N3716JAN 

2N3716JAN 


3-26 

2N3716JTX 

2N3716JTX 


3-26 

2N3716JTXV 

2N3716JTXV 


3-26 

2N3719 

2N3719 


3-32 

2N3720 

2N3720 


3-32 

2N3738 

2N3738 


3-37 

2N3739 

2N3739 


3-37 

2N3739JAN 

2N3739JAN 


3-37 

2N3739JTX 

2N3739JTX 


3-37 

2N3739JTXV 

2N3739JTXV 


3-37 

2N3740 

2N3740 


3-41 

2N3740A 

2N3740 


3-41 

2N3740JAN 

2N3740JAN 


3-41 

2N3740JTX 

2N3740JTX 


3-41 

2N3740JTXV 

2N3740JTXV 


3-41 

2N3741 

2N3741 


3-41 

2N3741A 

2N3741A 


3-41 

2N3741JAN 

2N3741JAN 


3-41 

2N3741JTX 

2N3741JTX 


3-41 

2N3741JTXV 

2N3741JTXV 


3-41 

2N3766 

2N3766 


3-44 

2N3766JAN 

2N3766JAN 


3-44 

2N3766JTX 

2N3766JTX 


3-44 

2N3766JTXV 

2N3766JTXV 


3-44 

2N3767 

2N3767 


3-44 

2N3767JAN 

2N3767JAN 


3-44 

2N3767JTX 

2N3767JTX 


3-44 

2N3767JTXV 

2N3767JTXV 


3-44 

2N3771 

2N3771 


3-48 

2N3772 

2N3772 


3-48 

2N3773 

2N3773 


3-52 

2N3788 


2N6543 

3-229 

2N3789 

2N3789 


3-56 

2N3790 

2N3790 


3-56 

2N3791 

2N3791 


3-56 

2N3791JAN 

2N3791JAN 


3-56 

2N3791JTX 

2N3791JTX 


3-56 

2N3791JTXV 

2N3791JTXV 


3-56 

2N3792 

2N3792 


3-56 

2N3792JAN 

2N3792JAN 


3-56 

2N3792JTX 

2N3792JTX 


3-56 

2N3792JTXV 

1 

2N3792JTXV 


3-56 




ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

2N3863 


2N3715 

3-32 

2N3864 


2N5882 

3-32 

2N3865 


MJ15001 

3-32 

2N3867 

2N3867 


3-32 

2N3867JAN 

2N3867JAN 


3-32 

2N3867JTX 

2N3867JTX 


3-32 

2N3867JTXV 

2N3867JTXV 


3-32 

2N3867SJAN 

2N3867SJAN 


3-32 

2N3867SJTX 

2N3867SJTX 


3-32 

2N3867SJTXV 

2N3867SJTXV 


3-32 

2N3868 

2N3868 


3-32 

2N3868JAN 

2N3868JAN 


3-32 

2N3868JTX 

2N3868JTX 


3-32 

2N3868JTXV 

2N3868JTXV 


3-32 

2N3868SJAN 

2N3868SJAN 


3-32 

2N3868SJTX 

2N3868SJTX 


3-32 

2N3868SJTXV 

2N3868SJTXV 


3-32 

2N3878 


2N5428 

3-108 

2N3879 


2N5430 

3-108 

2N3902 

2N3902 


3-60 

2N3996 


2N5339 

3-100 

2N3997 


2N5339 

3-100 

2N3998 


2N5339 

3-100 

2N3999 


2N5339 

3-100 

2N4000 


2N5339 

3-100 

2N4001 


2N5339 

3-100 

2N4002 


2N6274 

3-181 

2N4003 


2N6274 

3-181 

2N4070 


2N6306 

3-194 

2N4071 


2N6306 

3-194 

2N4111 


2N3715 

3-26 

2N4113 


2N3716 

3-26 

2N4115 


2N5339 

3-100 

2N4116 


2N5339 

3-100 

2N4231A 


2N3054A 

3-2 

2N4232A 


2N3054A 

3-2 

2N4233A 

2N4233A 


3-64 

2N4240 

2N4240 


3-20 

2N4296 


2N3738 

3-37 

2N4297 


2N3738 

3-37 

2N4298 


2N6235 

3-174 

2N4299 


2N6235 

3-174 

2N4300 


2N5337 

3-100 

2N4301 


2N5337 

3-100 

2N4305 


2N5337 

3-100 

2N4307 


2N5337 

3-100 

2N4309 


2N5339 

3-100 

2N4311 


2N5337 

3-100 

2N4314 


2N3868 

3-32 

2N4347 


2N3055A 

3-15 

2N4348 


2N5630* 

3-12 

2N4387 


2N4898 

3-72 

2N4388 


2N4898 

3-72 

2N4398 

2N4398 


3-68 

2N4399 

2N4399 


3-68 

2N4399JAN 

2N4399JAN 


3-68 

2N4399JTX 

2N4399JTX 


3-68 

2N4399JTXV 

2N4399JTXV 


3-68 

2N4877 


2N5337 

3-100 

2N4898 

2N4898 


3-72 

2N4899 

2N4899 


3-72 

2N4900 

2N4900 


3-72 

2N4901 


MJ15016 

3-9 

2N4902 


MJ15016 

3-9 

2N4903 


MJ15016 

3-9 

2N4904 


MJ15016 

3-9 

2N4905 


MJ15016 

3-9 

2N4906 


MJ15016 

3-9 

2N4907 


2N3791 

3-56 

2N4908 


2N3791 

3-56 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

2N4909 


2N3792 

3-56 

2N4910 


2N3054* 

3-2 

2N4911 


2N3054* 

3-2 

2N4912 

2N4912 


3-75 

2N4913 


2N5758* 

3-123 

2N4914 


2N5758* 

3-123 

2N4915 


2N5758* 

3-123 

. 2N4918 

2N4918 


3-78 

2N4919 

2N4919 


3-78 

2N4920 

2N4920 


3-78 

2N4921 

2N4921 


3-82 

2N4922 

2N4922 


3-82 

2N4923 

2N4923 


3-82 

2N4998 


2N5339 

3-100 

2N4999 


2N6191 

3-168 

2N5000 


2N5339 

3-100 

2N5001 


2N6191 

3-168 

2N5002 


2N5339 

3-100 

2N5003 


2N6191 

3-168 

2N5004 


2N5339 

3-100 

2N5005 


2N6191 

3-168 

2N5034 


2N3055 

3-6 

2N5035 


2N3055 

3-6 

2N5036 


2N3055 

3-6 

2N5037 


2N3055 

3-6 

2N5038 

2N5038 


3-86 

2N5038JAN 

2N5038JAN 


3-86 

2N5038JTX 

2N5038JTX 


3-86 

2N5038JTXV 

2N5038JTXV 


3-86 

2N5039 

2N5039 


3-86 

2N5039JAN 

2N5039JAN 


3-86 

2N5039JTX 

2N5039JTX 


3-86 

2N5039JTXV 

2N5039JTXV 


3-86 

2N5050 


2N3584 

3-20 

2N5051 


2N3584 

3-20 

2N5052 


2N3584 

3-20 

2N5067 


2N5758* 

3-123 

2N5068 


2N5758* 

3-123 

2N5069 


2N5758* 

3-123 

2N5083 


2N5339 

3-100 

2N5084 


2N5339 

3-100 

2N5085 


2N5339 

3-100 

2N5147 


2N6191 

3-168 

2N5148 


2N5337 

3-100 

2N5149 


2N6191 

3-168 

2N5150 


2N5337 

3-100 

2N5151 


2N6191 

3-168 

2N5152 


2N5337 

3-100 

2N5153 


2N6191 

3-168 

2N5154 


2N5337 

3-100 

2N5157 


2N6545 

3-235 

2N5190 

2N5190 


3-88 

2N5191 

2N5191 


3-88 

2N5192 

2N5192 


3-88 

2N5193 

2N5193 


3-92 

2N5194 

2N5194 


3-92 

2N5195 

2N5195 


3-92 

2N5202 


2N5428 

3-108 

2N5239 


2N6306 

3-134 

2N5240 


2N6545 

3-235 

2N5241 


2N3902* 

3-60 

2N5264 


2N6249 

3-177 

2N5284 


2N5339 

3-100 

2N5285 


2N5339 

3-100 

2N5286 


2N6193 

3-168 

2N5287 


2N6193 

3-168 

2N5293 


2N6123 

3-164 

2N5294 


2N6123 

3-164 

2N5295 


2N6121 

3-164 

2N5296 


2N6121 

3-164 


‘Consult Motorola if a direct replacement is necessary. 
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ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

2N5297 


2N6122 

3-164 

2N5298 


2N6122 

3-164 

2N5301 

2M5301 


3-96 

2N5302 

2N5302 


3-96 

2N5302JAN 

2N5302JAN 


3-96 

2N5302JTX 

2N5302JTX 


3-96 

2N5302JTXV 

2N5302JTXV 


3-96 

2N5303 

2N5303 


3-96 

2N5303JAN 

2N5303JAN 


3-96 

2N5303JTX 

2N5303JTX 


3-96 

2N5303JTXV 

2N5303JTXV 


3-96 

2N5326 


2N5339 

3-100 

2N5333 


2N6303 

3-32 

2N5334 


2N5337 

3-100 

2N5335 


2N5337 

3-100 

2N5336 

2N5336 


3-100 

2N5337 

2N5337 


3-100 

2N5338 

2N5338 


3-100 

2N5339 

2N5339 


3-100 

2N5344 

2N5344 


3-104 

2N5345 


2N6212 

3-171 

2N5346 


2N5339 

3-100 

2N5347 


2N5339 

3rl00 

2N5348 


2N5339 

3-100 

2N5349 


2N5339 

3-100 

2N5384 


2N6191 

3-168 

2N5385 


2N6191 

3-168 

2N5386 


2N5038 

3-86 

2N5387 


2N6546 

3-239 

2N5388 


2N6546 

3-239 

2N5389 


2N6546 

3-239 

2N5404 


2N6191 

3-168 

2N5405 


2N6193 

3-168 

2N5406 


2N6191 

3-168 

2N5407 


2N6193 

3-168 

2N5408 


2N6191 

3-168 

2N5409 


2N6193 

3-168 

2N5410 


2N6191 

3-168 

2N5411 


2N6193 

3-168 

2N5427 

2N5428 


3-108 

2N5428 

2N5428 


3-108 

2N5429 

2N5429 


3-108 

2N5430 

2N5430 


3-108 

2N5466 


2N6545 

3-235 

2N5467 


2N6545 

3-235 

2N5477 


2N5339 

3-100 

2N5478 


2N5339 

3-100 

2N5479 


2N5339 

3-100 

2N5480 


2N5339 

3-100 

2N5490 


MJE3055T 

3-1018 

2N5491 


MJE3055T 

3-1018 

2N5492 


2N6292 

3-161 

2N5493 


2N6292 

3-161 

2N5494 


MJE3055T 

3-1018 

2N5495 


MJE3055T 

3-1018 

2N5496 


2N6292 

3-161 

2N5497 


2N6292 

3-161 

2N5508 


2N5428 

3-108 

2N5539 


2N6379 

3-205 

2N5559 


MJ15001 

3-844 

2N5575 


2N5685 

3-119 

2N5578 


2N5685 

3-119 

2N5598 


2N5428 

3-108 

2N5600 


2N5428 

3rl08 

2N5602 


2N5428 

3-108 

2N5604 


2N5430 

3-108 

2N5606 


2N5428 

3-108 

2N5610 


2N5428 

3-108 

2N5612 


2N5430 

3-108 

2N5614 


2N3448 

3-18 


‘Consult Motorola if a direct replacement is necessary. 


Industry 

Part Number 

Meterela 

Direct 

Replacement 

Meterela 

Similar 

Replacement 

Page 

Number 

2N5616 


2N3448 

3-18 

2N5618 


2N3448 

3-18 

2N5629 

2N5629 


3-112 

2N5630 

2N5630 


3-112 

2N5631 

2N5631 


3-112 

2N5632 


2N5882 

3-130 

2N5633 


MJ15001 

3-844 

2N5634 


MJ15001 

3-844 

2N5651 


2N6235 

3-174 

2N5655 

2N5655 


3-116 

2N5656 

2N5656 


3-116 

2N5657 

2N5657 


3-116 

2N5660 


2N6233 

3^74 

2N5664 


2N6233 

3-174 

2N5665 


2N6235 

3-174 

2N5671 


2N6338 

3-202 

2N5672 


2N6339 

3-202 

2N5678 


2N6378 

3-205 

2N5683 

2N5683 


3-119 

2N5683JAN 

2N5683JAN 


3-119 

2N5683JTX 

2N5683JTX 


3-119 

2N5683JTXV 

2N5683JTXV 


3-119 

2N5684 

2N5684 


3-119 

2N5684JAN 

2N5684JAN 


3-119 

2N5684JTX 

2N5684JTX 


3-119 

2N5684JTXV 

2N5684JTXV 


3-119 

2N5685 

2N5685 


3-119 

2N5685JAN 

2N5685JAN 


3-119 

2N5685JTX 

2N5685JTX 


3-119 

2N5685JTXV 

2N5685JTXV 


3-119 

2N5686 

2N5686 


3-119 

2N5686JAN 

2N5686JAN 


3-119 

2N5686JTX 

2N5686JTX 


3-119 

2N5686JTXV 

2N5686JTXV 


3-119 

2N5729 


2N5337 

3-100 

2N5730 


2N5339 

3-100 

2N5733 


2N6274 

3-181 

2N5734 


2N6338 

3-202 

2N5737 


2N5878 

3-127 

2N5738 


2N5880 

3-130 

2N5739 


2N5878 

3-127 

2N5740 


2N5880 

3-130 

2N5741 


2N5883 

3-134 

2N5742 


2N6029 

3-112 

2N5743 


2N5883 

3-134 

2N5744 


MJ4502 

3-636 

2N5745 

2N5745 


3-68 

2N5745JAN 

2N5745JAN 


3-68 

2N5745JTX 

2N5745JTX 


3-68 

2N5745JTXV 

2N5745JTXV 


3-68 

2N5758 

2N5758 


3-123 

2N5759 


2N3055A 

3-9 

2N5760 

2N5760 


3-123 

2N5804 


2N6306 

3-194 

2N5805 


2N6543 

3-229 

2N5838 


2N6308 

3-194 

2N5839 


2N6308 

3-194 

2N5840 


2N6308 

3-194 

2N5867 


2N3789* 

3-56 

2N5868 


2N3790* 

3-56 

2N5869 


2N3714‘ 

3-26 

2N5870 


2N3714* 

3-26 

2N5871 


2N3789* 

3-56 

2N5872 


2N3790* 

3-56 

2N5873 


2N3714‘ 

3-26 

2N5874 


2N3714* 

3-26 

2N5875 

2N5875 


3-127 

2N5876 

2N5876 


3-127 

2N5877 

2N5877 


3-127 

2N5878 

2N5878 


3-127 


1-4 




ALPHANUMERIC INDEX CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

OIroct 

Roplacement 

Motorola 

Similar 

Roplacamont 

Page 

Number 

2N5879 

2N5879 


3-130 

2N5880 

2N5880 


3-130 

2N5881 

2N5881 


3-130 

2N5882 

2N5882 


3-130 

2N5883 

2N5883 


3-134 

2N5884 

2N5884 


3-134 

2N5885 

2N5885 


3-134 

2N5886 

2N5886 


3-134 

2N5929 


2N6338 

. 3-202 

2N5930 


2N6338 

3-202 

2N5931 


2N6341‘ 

3-202 

2N5932 


2N6338 

3-202 

2N5933 


2N6338 

3-202 

2N5935 


2N6341 

3-202 

2N5936 


2N6338 

3-202 

2N5937 


2N6341 

3-202 

2N5954 


2N6318 

3-198 

2N5955 


2N6317 

3-198 

2N5956 


2N6317 

3-198 

2N5970 


2N5882 

3-130 

2N5971 


2N5882 

3-130 

2N5972 


MJ15003 

3-847 

2N5974 


MJE2955 

3-1018 

2N5975 


MJE2955 

3-1018 

2N5976 


MJE2955 

3-1018 

2N5977 


MJE3055 

3-1018 

2N5978 


MJE3055 

3-1018 

2N5979 


MJE3055 

3-1018 

2N5980 


MJE2955* 

3^1018 

2N5981 


MJE2955* 

3-1018 

2N5982 


2N5988* 

3-138 

2N5983 


MJE3055* 

3-1018 

2N5984 


MJE3055* 

3-1018 

2N5985 


2N599r 

3-138 

2N5986 

2N5986 


3-138 

2N5987 

2N5987 


3-138 

2N5988 

2N5988 


3-138 

2N5989 

2N5989 


3-138 

2N5990 

2N5991 


3-138 

2N5991 

2N5991 


3-138 

2N6021 


TIP32C 

3-1156 

2N6022 


TIP32C 

3-1156 

2N6023 


2N6124 

3-164 

2N6024 


2N6124 

3-164 

2N6025 


2N6125 

3-164 

2N6026 


2N6125 

3-164 

2N6029 

2N6029 


3-112 

2N6030 

2N6030 


3-112 

2N6031 

2N6031 


3-112 

2N6032 


2N6275 

3-181 

2N6033 


2N6277 

3-181 

2N6034 

2N6034 


3-142 

2N6035 

2N6035 


3-142 

2N6036 

2N6036 


,3-142 

2N6037 

2N6037 


3-142 

2N6038 

2N6038 


3-142 

2N6039 

2N6039 


3-142 

2N6040 

2N6040 


3-146 

2N6041 

2N6041 


3-146 

2N6042 

2N6042 


3-146 

2N6043 

2N6043 


3-146 

2N6044 

2N6044 


3-146 

2N6045 

2N6045 


3-146 

2N6049 

2N6049 


3-150 

2N6050 

2N6050 


3-153 

2N6051 

2N6051 


3-153 

2N6051JAN 

2N6051JAN 


3-153 

2N6051JTX 

2N6051JTX 


3-153 

2N6051JTXV 

2N6051JTXV I 


3-153 

2N6052 1 

2N6052 I 


3-153 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

2N6052JAN 

2N6052JAN 


3-153 

2N6052JTX 

2N6052JTX 


3-153 

2N6052JTXV 

2N6052JTXV 


3-153 

2N6053 

2N6053 


3-157 

2N6054 

2N6054 


3-157 

2N6055 

2N6055 


3-157 

2N6056 

2N6056 


3-157 

2N6057 

2N6057 


3453 

2N6058 

2N6058 


3-153 

2N6058JAN 

2N6058JAN 


3-153 

2N6058JTX 

2N6058JTX 


3-153 

2N6058JTXV 

2N6058JTXV 


3-153 

2N6059 

2N6059 


3-153 

2N6059JAN 

2N6059JAN 


3-153 

2N6059JTX 

2N6059JTX 


3-153 

2N6059JTXV 

2N6059JTXV 


3-153 

2N6077 


2N6235 

3-174 

2N6078 


2N6235 

3-174 

2N6079 


2N6235 

3-174 

2N6098 


2N6487 

3-221 

2N6099 


2N6487 

3-221 

2N6100 


2N6487 

3-221 

2N6101 


2N6488 

3-221 

2N6102 


2N6488 

3-221 

2N6103 


2N6486 

3-221 

2N6106 


2N6107 

3-161 

2N6107 

2N6107 


3-161 

2N6108 


2N6109 

3-161 

2N6109 

2N6109 


.3-161 

2N6110 


2N6111 

3-161 

2N6111 

2N6111 


3-161 

2N6121 

2N6121 


3-164 

2N6122 

2N6122 


3-164 

2N6123 

2N6123 


3-164 

2N6124 

2N6124 


3-164 

2N6125 

2N6125 


3-164 

2N6126 


TIP32C 

3-156 

2N6127 


2N6436 

3-217 

2N6128 


2N6338 

3-202 

2N6129 


TIP41 

3-1166 

2N6130 


TIP41A 

3-1166 

2N6131 


TIP41B 

3-1166 

2N6132 


TIP42C 

3-1166 

2N6133 


TIP42C 

3-1166 

2N6134 


TIP42C 

3-1166 

2N6175 


MPSU10 

3-1135 

2N6176 


MPSU10 

3-1135 

2N6177 


MJE340 

3-990 

2N6178 


MPSU06 

3-1131 

2N6179 


MPSU05 

3-1131 

2N6180 


MPSU56 

3-1145 

2N6181 


MPSU55 

3-1145 

2N6186 

2N6190 


3-168 

2N6187 

2N6191 


3-168 

2N6188 

2N6193 


3-168 

2N6189 

2N6193 


3-168 , 

2N6190 

2N6190 


3-168 

2N6191 

2N6191 


3-168 

2N6192 

2N6193 


3-168 

2N6193 

2N6193 


3-168- 

2N6211 

2N6211 


3-171 

2N6212 

2N6212 


3-171 

2N6213 

2N6213 


3-171 

2N6226 


MJ15016 

3-9 

2N6227 


MJ15016 

3-9 

2N6228 


MJ15016 

3-9 

2N6229 


2N5880 

3-130 

2N6230 


MJ15002 

3-844 

2N6231 


MJ15002 

3-844 

2N6233 

2N6233 


3-174 


‘Consult Motorola if a direct replacement is necessary. 





ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Number 

Mdtorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

2N6234 

2N6235 


3-174 


2N6298JTX 

2N6298JTX 


3-157 

2N6235 

2N6235 


3-174 


2N6298JTXV 

2N6298JTXV 


3-157 

2N6242 


MJ13015 

3-9 


2N6299 

2N6299 


3-157 

2N6243 


MJ13335 

3-834 


2N6299JAN 

2N6299JAN 


3-157 

2N6244 


MJ13333 

3-834 


2N6299JTX 

2N6299JTX 


3-157 

2N6245 


MJ13335 

3-834 


2N6299JTXV 

2N6299JTXV 


3-157 

2N6246 


2N5879 

3-130 


2N6300 

2N6300 


3-157 

2N6247 


2N5880 

3-130 


2N6300JAN 

2N6300JAN 


3457 ; 

2N6248 


MJ15016 

3-9 


2N6300JTX 

2N6300JTX 


3.157 

2N6249 

2N6249 


3-177 


2N6300JTXV 

2N6300JTXV 


3-157 

2N6250 

2N6250 


3-177 


2N6301 

2N6301 


3-157 

2N6251 

2N6251 


3-177 


2N6301JAN 

2N6301JAN 


3-157 

2N6253 


2N5877 

3-127 


2N6301JTX 

2N6301JTX 


3-157 

2N6254 


2N5878 

3-127 


2N6301JTXV 

2N6301JTXV 


3-157 

2N6257 


2N5886 

3-134 


2N6302 

■ • ■ 

2N5630 

3-112 

2N6258 


2N5686 

3-134 


2N6303 

2N6303 


3-32 

2N6259 


2N5631 

3-112 


2N6306 

2N6306 


3-194 : 

2N6260 


2N3054A 

3-2 


2N6306JAN 

2N6306JAN 


3-194 

2N6261 


2N4233A 

3-64 


2N6306JTX 

2N6306JTX 


3-194 

2N6262 


2N5760 

3-123 


2N6307 

2N6307 


3-194 

2N6263 


2N3584 

3-20 


2N6308 

2N6308 


3-194 

2N6264 


2N3584 

3-20 


2N6308JAN 

2N6308JAN 


3-194 

2N6270 


2N6338 

3-202 


2N6308JTX 

2N6308JTX 


3-194 

2N6271 


2N6338 

3-202 


2N6312 

2N6318 


3-198 

2N6272 


2N6338 

3-202 


2N6313 


2N6318 

3-108 

2N6273 


2N6338 

3-202 


2N6314 


2N6318 

3-198 

2N6274 

2N6274 


3-181 


2N6315 

2N6315 


3-198 

2N6274JAN 

2N6274JAN 


3-181 


2N6316 

2N6316 


3-198 

2N6274JTX 

2N6274JTX 


3-181 


2N6317 

2N6317 


3-198 

2N6274JTXV 

2N6274JTXV 


3-181 


2N6318 

2N6318 


3-198 , 

2N6275 

2N6275 


3481 


2N6322 


MJ10015 

3-706 

2N6276 


2N6275 

3-181 


2N6323 


MJ10015 

3-706 

2N6277 

2N6277 


3-181 


2N6324 


MJ10015 

3-706 

2N6277JAN 

2N6277JAN 


3-181 


2N6325 


MJ10015 

3-706 

2N6277JTX 

2N6277JTX 


3-181 


2N6326 

2N6328 


- 

2N6277JTXV 

2N6277JTXV 


3-181 


2N6327 

2N6328 


_ 

2N6278 


2N6274 

3-181 


2N6328 

2N6328 


— 

2N6279 


2N6275 

3-181 


2N6329 


2N5884 

3-134 

2N6280 


2N6275 

3-181 


2N6330 


2N5884 

3-134 

2N6281 


2N6277 

3-181 


2N6331 


2N5884 

3-134 

2N6282 

2N6282 


3-185 


2N6338 

2N6338 


3-202 

2N6283 

2N6283 


3-185 


2N6338JAN 

2N6338JAN 


3-202 

2N6283JAN 

2N6283JAN 


3-185 


2N6338dTX 

2N6338JTX 


3-202 

2N6283JTX 

2N6283JTX 


3-185 


2N6338JTXV 

2N6338JTXV 


3-202 

2N6283JTXV 

2N6283JTXV 


3-185 


.2N6339 

2N6339 


3-202 

2N6284 

2N6284 


3-185 


2N6340 

2N6340 


3-202 

2N6284JAN 

2N6284JAN 


3-185 


2N6341 

2N6341 


3-202 

2N6284JTX 

2N6284JTX 


3-185 


2N6341JAN 

2N6341JAN 


3-202 

2N6284JTXV 

2N6284JTXV 


3-185 


2N6341JTX 

2N6341JTX 


3-202 

2N6285 

2N6285 


3-185 


2N6341JTXV 

2N6341JTXV 


3-202 

2N6286 

2N6286 


3-185 


2N6354 


2N6339 

3-202 

2N6286JAN 

2N6286JAN 


3-185 


2N6355 


2N6057 

3-153 

2N6286JTX 

2N6286JTX 


3-185 


2N6356 


2N6057 

3-153 

2N6286JTXV 

2N6286JTXV 


3-185 


2N6357 


2N6058 

3-153 

2N6287 

2N6287 


3-185 


2N6358 


2N6058 

3-153 

2N6287JAN 

2N6287JAN 


3-185 


2N6359 


2N5885 

3-134 

2N6287JTX 

2N6287JTX 


. 3-185 


2N6371 


2N3055 

3-6 

2N6287JTXV 

2N6287JTXV 


3-185 


2N6372 


2N6316 

3-198 

2N6288 

2N6288 


3461 


2N6373 


2N6315 

3-198 

2N6289 


2N6288 

3-161 


2N6374 


2N6315 

3-198 

2N6290 


MJE3055T 

3-1018 


2N6377 

2N6377 


3-205 

2N6291 


MJE3055T 

3-1018 


2N6378 

2N6378 


3-205 

2N6292 

2N6292 


3-161 


2N6378JAN 

2N6378JAN 


3-205 

2N6293 


2N6292 

3-161 


2N6378JTX 

2N6378JTX 


3-205 

2N6294 

2N6294 


3-190 


2N6378JTXV 

2N6378JTXV 


3-205 

2N6295 

2N6295 


3-190 


2N6379 

2N6379 


3-205 

2N6296 

2N6296 


3490 


2N6379JAN 

2N6379JAN 


3-205 

2N6297 

2N6297 


3-190 


2N6379JTX 

2N6379JTX 


3-205 

2N6298 

2N6298 


3457 


2N6379JTXV 

2N6379JTXV 


3-205 

2N6298JAN 

2N6298JAN 


3-157 


2N6380 


2N6377 

3-205 


1-6 





ALPHANUMERIC INDEX — CROSS REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

2N6381 


2N6378 

3-205 

2N6382 


2N6379 

3-205 

2N6383 

2N6383 


3-209 

2N6383JAN 

2N6383JAN 


3-209 

2N6383JTX 

2N6383JTX 


3-209 

2N6383JTXV 

2N6383JTXV 


3-209 

2N6384 

2N6384 


3-209 

2N6384JAN 

2N6384JAN 


3-209 

2N6384JTX 

2N6384JTX 


3-209 

2N6384JTXV 

2N6384JTXV 


3-209 

2N6385 

2N6385 


3-209 

2N6385JAN 

2N6385JAN 


3-299 

2N6385JTX 

2N6385JTX 


3-209 

2N6385JTXV 

2N6385JTXV 


3-209 

2N6386 

2N6386 


3-213 

2N6387 

2N6387 


3-213 

2N6388 

2N6388 


3-213 

2N6406 


MJE171 

3-978 

2N6407 


MJE172 

3-978 

2N6408 


MJE181* 

3-978 

2N6409 


MJE182* 

3-978 

2N6410 


MJE200* 

3-982 

2N6411 


MJE210 

3-982 

2N6412 


MJE180 

3-978 

2N6413 


MJE181 

3-978 

2N6414 


MJE170 

3-978 

2N6415. 


MJE171 

3-978 

2N6416 


MJE243 

3-986 

2N6417 


MJE243 

3-986 

2N6418 


MJE253 

3-986 

2N6419 


MJE253 

3-986 

2N6420 

2N6420 


3-20 

2N6421 

2N6421 


3-20 

2N6422 

2N6422 


3-20 

2N6423 


2N6212 

3-171 

2N6424 


2N6212 

3-171 

2N6425 ; 


2N6212 

3-171 

2N6436 ’ 

2N6436 


3-217 

2N6437 

2N6437 


3-217 

2N6437JAN 

2N6437JAN 


3-217 

2N6437JTX 

2N6437JTX 


3-217 

2N6437JTXV 

2N6437JTXV 


3-217 

2N6438 

2N6438 


3-217 

2N6438JAN 

2N6438JAN 


3-217 

2N6438JTX 

2N6438JTX 


3-217 

2N6438JTXV 

2N6438JTXV 


3-217 

2N6465 


MJE15030 

3-1086 

2N6466 


MJE15030 

3-1086 

2N6467 


MJE15031 

3-1086 

2N6468 


MJE15031 

3-1086 

2N6469 


2N5879 

3-130 

2N6470 


2N5881 

3-130 

2N6471 


2N5881 

3-130 

2N6472 


2N5882 

3-130 

2N6473 


MJE15028 

3-1086 

2N6474, 


MJE15028 

3-1086 

2N6475 


MJE15029 

3-1086 

2N6476 


MJE15029 

3-1086 

2N6477 


MJE15028 

3-1086 

2N6478 


MJE15030 

3-1086 

2N6486 

2N6486 


3-221 

2N6487 

2N6487 


3-221 

2N6488 

2N6488 


3-221 

2N6489 

2N6489 


3-221 

2N6490 

2N6490 


3-221 

2N6491 

2N6491 


3-221 

2N6492 


2N6055 

3-1086 

2N6493 


2N6056 

3-1086 

2N6494 


2N6056 

3-1086 

2N6495 


2N6316 

3 198 

2N6496 


2N6339 

3-202 


Industry 
Part Number 


Motorola 

Direct 

Replacement 


Similar 

Replacement 


Page 

Number 


2N6497 

2N6498 


2N6497 

2N6498 


3-225 

3-225 


2N6500 

2N6510 


2N5430 3-108 

2N6306 3-194 


2N6511 

2N6512 

2N6513 

2N6514 

2N6530 


2N6306 

2N6544 

2N6545 

2N6544 

TIP101 


3-194 

3-235 

3-235 

3-235 

3-1174 


2N6531 

2N6532 

2N6534 

2N6535 

2N6536 


TIP102 

TIP102 

2N6301 

TIP102 

TIP102 


3-1174 

3-1174 

3-157 

3-1174 

3-1174 


2N6543 

2N6544 

2N6545 

2N6546 


2N6543 

2N6545 

2N6545 

2N6546 


3-229 

3-235 

3-235 

3-239 


2N6546JAN 

2N6546JTX 

2N6547 

2N6547JAN 

2N6547JTX 


2N6546JAN 

2N6546JTX 

2N6547 

2N6547JAN 

2N6547JTX 


3-239 

3-239 

3-239 

3-239 

3-239 


2N6548 

2N6549 

2N6551 

2N6552 

2N6553 


MJE800 

MJE800 

2N4923 

2N4923 

2N4923 


3-1002 

3-1002 

3-82 

3-82 

3-82 


2N6554 

2N6555 

2N6556 

2N6557 

2N6558 


2N4919 

2N4919 

2N4919 

MJE340 

MJE340 


3-78 

3-78 

3-78 

3-990 

3-990 


2N6559 

2N6569 

2N6573 

2N6574 

2N6575 


MJE340 

2N3055 

2N6546 

2N6546 

2N6547 


3-990 

3-6 

3-239 

3-239 

3-239 


2N6576 

2N6577 

2N6578 

2N6579 

2N6580 


2N6576 

2N6577 

2N6578 


MJ13080 
MJ 13080 


3-243 

3-243 

3-243 

3-810 

3-810 


2N6581 

2N6582 

2N6583 

2N6584 

2N6591 


MJ16004 
MJ13080 
MJ13080 
MJ 16008 
MJE341 


3-858 

3-810 

3-810 

3-874 

3-992 


2N6592 

2N6593 

2N6594 

2N6609 

2N6648 


2N6609 

2N6648 


MJE344 

MJE344 

MJ15016 


3-992 

3-992 

3-9 

3-52 

3-209 


2N6648JAN 

2N6648JTX 

2N6648JTXV 

2N6649 

2N6649JAN 


2N6648JAN 

2N6648JTX 

2N6648JTXV 

2N6649 

2N6649JAN 


2N6054 


3-209 

3-209 

3-209 

3-157 


2N6649JTX 

2N6649JTXV 

2N6650 

2N6650JAN 

2N6650JTX 


2N6649JTX 

2N6649JTXV 

2N6650JAN 

2N6650JTX 


2N6054 


3-157 

3-157 

3-157 

3-157 

3-157 


2N6650JTXV 

2N6653 

2N6654’ 

2N6655 

2N6666 


2N6650JTXV 


MJ 13333 
MJ13333 
MJ 13333 
TIP105 


3-157 

3-834 

3-834 

3-834 

34174 


1 


‘Consult Motorola if a direct replacement is necessary. 
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ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Humber 

Motorola 

OIrect 

Replacement 

Motorola 

Similar 

Replacomont 

Page 

Number 

2N6667 

2N6667 


3-246 

2N6668 

2N6668 


3-246 

2N6669 


MJE15028 

3-1086 

2N6671 


2N6544 

3-235 

2N6672 


MJ13080 

. 3-810 

2N6673 


MJ13080 

3-810 

2N6674 


MJ 13090 

3r816 

2N6675 


MJ13090 

3-816 

2N6676 

2N6676 


3-250 

2N6677 

2N6677 


3-250 

2N6678 

2N6678 


3-250 

2N6833 

2N6833 


3-254 

2N6834 

2N6834 


3-254 

2N6835 

2N6835 


3-262 

2N6836 

2N6836 


3-269 

2N6837 

2N6837 


3-276 

2SA483 


2N6420 

3-20 

2SA489 


TIP32C 

3-1156 

2SA490 


2N6125 

3-164 

2SA496 


2N4918 

3-78 

2SA505 


2N4919 

3-78 

2SA566 


2N6420 

3-20 

2SA613 


2N4899 

3-72 

2SA614 


2N4900 

3-72 

2SA616 


2N3741 

3-41 

2SA623 


2N4918 

3-78 

2SA624 


2N4919 

3-78 

2SA626 


IVIJ15016 

3-9 

2SA627 


MJ15016 

3-9 

2SA633 


2N4918 

3-78 

2SA634 


2N4919 , 

3-78 

2SA635 


2N4919 

3-78 

2SA636 


2N4919 

3-78 

2SA645 


MJE182 

3-978 

2SA646 


2N4919 

3-78 

2SA647 


2N4919 

3-78 

2SA648 


2N6230 

3-844; 

2SA652 


2N6420 

3-20 

2SA653 


2N6420 

3-20 

2SA656 


MJ15016 

3-9 

2SA657 


IVIJ15016 

3-9 

2SA658 


MJ15016 

3-9 

2SA663 


MJ15016 

3-9 

2SA670 


2N6125 

3-164 

2SA671 


2N6125 

3-164 

2SA679 


MJ15016 

3-9 

2SA680 


2N5880 

3-130 

2SA681 


MJE253 

3-986 

2SA682 


MJE253 

3-986 

2SA698 


MJE350 

3-994 

2SA699 


2N49'18 

3-78 

2SA700 


TIP30 

3-1154 

2SA703 


2N4918 

3-78 

2SA706 


MPSU55 

3-1145 

2SA714 


MJ15016 

3-9 

2SA715 


MJE170 

3-978 

2SA738 


MJE170 

3-978 

2SA739 


MJ6503 

3-640 

2SA755 


2N6125 

3-164 

2SA756 


MJ15016 

3-9 

2SA757 


MJ15016 

3-9 

2SA758 


MJ15016 

3-9 

2SA762 


2N6211 

3-171 > 

2SA764 


, 2N6317 

3-198 

2SA765 


2N6318 

3-198 

2SA766 


2N6420 

3-20 

2SA768 


2N6125 

3-164 

2SA769 


TIP32C 

3-1156 

2SA770 


2N6109 

.3-161 ; 

2SA771 


2N6107 

3-161 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Ropiacoment 

Page 

Number 

2SA775 


TIP30C 

3-1154 

2SA779 


2N4918 

3-78 V 

2SA780 


2N4919 

3J8 

2SA794 


MJE253 

3^986 

2SA795 


MJE253 

3-986 

2SA807 


2N3789: 

3-56 

2SA808 


2N3790 

3-56 

2SA814 


TIP30C 

3-1154 

2SA815 


TIP30C 

3-1154 

2SA816 


TIP30B 

3-1154 

2SA818 


MJE350 

3-994 

2SA835 


MJE350 

3-994 

2SA837* 


MJ15016 

. 3-9 

2SA839 


TIP32C 

.3-1156 

2SA843 


MJE15031 

3-1086 

2SA861 


MPSU51 

3-1141 

2SA877 


2N5876 

3-127 

2SA878 


MJ 15002 

3-844 

2SA882 


MJ15002 

3-844 

2SA887 


2N4919 

3-78 

2SA897 


MPSU5$ 

3-1145 

2SA898 


MJE350 

3-994 

2SA899 


MJE350 

3-994 

2SA900 


MJE210 

3-982 

2SA907 


MJ15016 

3-9 

2SA908 


MJ15002 

3-844 

2SA909 


MJ 15023 

3-855 

2SA922 


2N4918 

3-78 

2SA939 


MJE350 

3-994 

2SA940 


MJE15031 

3-1086 

2SA949 


MJE15031 

3-1086 

2SA957 


MJE15031 

3-1086 

2SA958 


MJE15031 

3-1086 

2SA962 


MPSU55 

3-1145 

2SA963 


MJE171 

3,-978 

2SA965 


MJE15029 

3-1086 

2SA966 


TIP32 

3-1156 

2SA968 


MJE15031 

. 34086 

2SA969 


MJE15031 

3-1086 

2SA971 


2N6609 

3-52. 

2SA980 


2N5880 

3-130 

2SA981 


MJ15002 

3-844 

2SA982 


MJ15002 

3-844 

2SA1001 


2N6438 

3-217 

2SA1002 


2N6438 

3-217 

2SA1003 


2N6438 

3-217 

2SA1007 


MJ15002 

3-844 

2SA1008 


TIP32C 

3-1156 

2SA1010 


TIP42C 

3-1162 

2SA1011 


MJE15031 

3-1086 

2SA1012 


TIP42A 

3-1166 

2SA1020 


TIP32 

3-1156 

2SA1040 


2N6438 

3-217 

2SA1041 


2N6438 

3-217 

2SA1042 


2N6436 

3-217 

2SA1043 


2N6438 

3-217 

2SA1044 


2N6436 

3-217 

2SA1045 


2N6052 

3-153 

2SA1046 


2N6052 

3-153 

2SA1063 


MJ15016 

3-9 

2SA1064 


MJ 15002 

3-844 

2SA1065 


MJ15002 

3-844 

2SA1067 


MJ15002 

3-844 

2SA1068 


MJ 15002 

3-844 

2SA1069 


. TIP42B 

3-1166 

2SA1110 


MJE350 

3-994 

2SA1111 


MJE15031 

3-1086 

2SA1112 


MJE15031 

3-1086 

2SB502 


2N3741 

3-41 

2SB503 


2N3741 

3-41 

2SB506 


MJ15016 

3-9 
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ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 



Motorola 

Motorola 


Industry 

Direct 

Similar 

Page 

Part Number 

Replacement 

Replacement 

Number 

2SB507 


2N6125 

3-164 

2SB509 


TIP32C 

3-1156 

2SB511 


TIP32 

3-1156 

2SB513 


TIP32C 

3-1156 

2SB514 


TIP32A 

3-1156 

2SB515 


TIP32A 

3-1156 

2SB518 


MJ15016 

3-9 

2SB519 


MJ15016 

3-9 

2SB520 


MJ15016 

3-9 

2SB521 


TIP42A 

3-1166 

2SB522 


TIP42A 

3-1166 

2SB523 


2N5193 

3-92 

2SB524 


2N5194 

3-92 

2SB526 


2N4920 

3-78 

2SB527 


2N4920 

3-78 

2SB528 


2N4920 

3-78 

2SB529 


2N5193 

3-92 

2SB530 


IVIJ15002 

3-844 

2SB531 


MJ15016 

3-9 

2SB532 


MJ15016 

3-9 

2SB536 


TiP32C 

3-1156 

2SB537 


TIP32C 

3-1156 

2SB539 


MJ15002 

3-844 

2SB541 


IVIJ15002 

3-844 

2SB546 


MJE15031 

3-1086 

2SB547 


MJE15031 

3-1086 

2SB548 


2N4920 

3-78 

2SB549 


2N4920 

3-78 

2SB552 


MJ15023 

3-855 

2SB554 


MJ15023 

3-855 

2SB555 


MJ15012 

3-850 

3-850 

3-844 

3-130 

2SB556 

2SB557 


MJ15012 

MJ15002 

2SB558 


2N5880 

2SB559 


2N4918 

3-78 

2SB565 


2N6125 

3-164 

2SB566 


T(P32C 

3-1156 

3-1086 

3-1086 

3-142 

2SB567 


MJE15031 

2SB568 


MJE15031 

2SB569 


2N6034 

2SB570 

2SB571 


2N6035 

2N6036 

3-142 

3-142 

3-92 

3-92 

3-92 

2SB572 


2N5193 

2SB573 


2N5194 

2SB574 


2N5195 

2SB575 


2N5193 

3-92 

2SB576 


2N5194 

3-92 

3-92 

3-1018 

3-1018 

2SB577 


2N5195 

2SB578 


IVIJE2955 

2SB579 


MJE2955 

2SB580 


MJE2955 

3-1018 

2SB581 


MJE2955 

3-1018 

2SB582 


MJE6040 

3-146 

2SB583 


MJE6041 

3-146 

2SB584 


MJE6041 

3-146 

2SB585 


2N6053 

3-157 

2SB586 


2N6054 

3-157 

2SB587 


2N6050 

3-153 

2SB588 


2N6051 

3-153 

2SB589 


2N6052 

3-153 

2SB595 


TIP42C 

3-1166 

2SB596 


TIP32C 

3-1156 

2SB600 


MJ15012 

3-850 

2SB604 


TIP32C 

3-1156 

2SB628 


MJE15031 

3-1086 

2SB630 


MJE15031 

3-1086 

2SB631 


2N4920 

3-78 

2SB632 


2N4918 

3-78 

2SB633 


TIP42C 

3-1166 

2SB648 


MJE350 

3-994 


industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

2SB649 


MJE350 

3-994 

2SB653 


MJ15016 

3-9 

2SB654 


MJ15016 

3-9 

2SB655 


MJ15002 

3-844 

2SB656 


MJ15002 

3-844 

2SB668 


TIP32A 

3-1156 

2SB669 


TIP32B 

3-1156 

2SB673 


2N6042 

3-146 

2SB674 


2N6041 

3-146 

2SB675 


2N6040 

3-146 

2SB676 


TIP127 

3-1181 

2SB677 


TIP125 

3-1181 

2SB679 


TIP117 

3-1178 

2SB681 


MJ15002 

3-844 

2SB689 


TIP42C 

3-1166 

2SB690 


TIP42C 

3-1166 

2SB691 


MJE4352 

3-1024 

2SB692 


MJE4352 

3-1024 

2SB693 


2N6287 

3-181 

2SB694 


MJ11015 

3-757 

2SB695 


MJE4352 

3-1024 

2SB696 


2N6231 

3-844 

2SB697 


MJ15002 

3-844 

2SB707 


2N6107 

3-161 

2SB708 


2N6107 

3-161 

2SB711 


2N6041 

3-146 , 

2SB712 


2N6042 

3-146 

2SB713 


MJE4352 

3-1024 

2SB717 


MJE350 

3-994 

2SB718 


MJE350 

3-994 

2SB719 


MJE15031 

3-1086 

2SB720 


MJE15031 

3-1086 

2SB722 


MJ15002 

3-840 

2SB723 


MJ 15023 

3-855 

2SB724 


TIP32A 

3-1156 

2SB727 


MJE15029 

3-1086 

2SB743 


MJE170 

3-978 

2SB744 1 


MJE172 

3-978 

2SB750 


TtP115 

3-1178 

2SB751 


TIP126 ' 

3-1181 

2SB753 


TIP42C 

3-1166 

2SB754 


2N6109 

3-161 

2SB772 


MJE170 

3-978 

2SC41 


MJ410 

3-620 

2SC42 


MJ410 

3-620 

2SC42A 


MJ410 

3-620 

2SC43 


2N3055A 

3-9 

2SC44 


2N3055A 

3-9 

2SC101 


2N3584 

3-20 

2SC161 


2N3447 

3-18 

2SC240 


2N3055A 

3-9 

2SC241 


2N3447 

3-18 

2SC242 


2N3055A 

3-9 

2SC243 


MJ410 

3-620 

2SC244 


2N3447 

3-18 

2SC245 


2N3055A 

3-9 

2SC246 


MJ410 

3-620 

2SC270 


MJ411 

3-620 

2SC407 


MJ 15011 

3-850 

2SC408 


MJ15011 

3-850 

2SC409 


2N6249 

3-177 

2SC410 


2N6249 

3-177 

2SC411 


2N6546 

3-239 

2SC412 


2N6546 

3-239 

2SC431 


2N6341 

3-202 

2SC432 


2N6341 

3-202 

2SC433 


MJ15022 

3-852 

2SC434 


MJ15022 

3-852 

2SC435 


MJ10000 

3-664 

2SC436 


MJ10000 

3-664 





ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Ropiacement 

Page 

Number 

2SC483 

2SC487 

2SC488 

2SC489 

2SC490 


2N3583 

2N3583 

2N6233 

2N3441 

2N3766 

3-20 

3-20 

3-174 

3-13 

3-44 

2SC491 

2SC492 

2SC493 

2SC494 

2SC495 


2N3584 

2N3055A 

2N3055A 

2N3447 

2N4923 

3-20 

3-9 

3-9 

3-18 

3-82 

2SC496 

2SC508 

2SC515 

2SC518 

2SC518A 


2N4921 

2N6233 

2N3739 

2N3448 

2N3448 

3-82 

3-174 

3-37 

3-18 

3-18 

2SC519 

2SC519A 

2SC520 

2SC520A 

2SC521 


2N3055A 

2N5760 

2N3448 

2N3448 

2N3447 

3-9 

3-123 

3-18 

3-18 

3-18 

2SC521A 

2SC558 

2SC582 

2SC586 

2SC642 


2N3448 

MJ3029 

2N3739 

MJ410 

BU205 

3-18 

3-630 

3-37 

3-620 

3-394 

2SC643 

2SC646 

2SC647 

2SC664 

2SC665 


BU205 

2N3447 

2N3448 

2N5758 

2N5760 

3-394 

3-18 

3-18 

3-123 

3-123 

2SC675 

2SC676 

2SC677 

2SC678 

2SC679 


2N6306 

2N6306 

2N6306 

2N6306 

2N3585 

3-194 

3-194 

3-194 

3-194 

3-20 

2SC680 

2,SC681 

2SC685 

2SC687 

2SC736 


2N3584 

MJ15011 

2N3739 

MJ410 

2N3055A 

3-20 

3-850 

3-37 

3-620 

3-9 

2SC758 

2SC759 

'2SC760 

2SC768 

2SC769 


2N6307 

2N6306 

2N6306 

2N3055 

MJ15001 

3-194 

3-194 

3-194 

3-9 

3-844 

2SC770 

2SC771 

2SC779 

2SC782 

2SC783 


MJ15011 

MJ15011 

2N3739 

2N3739 

2N3738 

3-850 

3-850 

3-37 

3-37 

3-37 

2SC789 

2SC790 

2SC791 

2SC792 

2SC793 


2N6123 

TIP31A 

2N3584 

2N6308 

2N5758 

3-164 

3-1156 

3-20 

3-194 

3-123 

2SC794 

2SC795 

2SC806 

2SC807 

2SC808 


2N5758 

2N3739 

MJ431 

MJ413 

MJ411 

3-123 

3-37 

3-622 

3-622 

3-620 

2SC825 

2SC833 

2SC840 

2SC840A 

2SC861 


2N3585 

2N6235 

2N3584 

2N3584 

MJ3029 

3-20 

3-174 

3-20 

3-20 

3-630 

2SC862 

2SC867 

2SC884 

2SC885 

2SC886 


2N6545 

2N3739 

2N3584 

2N6307 

2N6306 

3-235 

3-37 

3-20 

3-194 

3-194 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

2SC887 


MJ410 

3-620 

2SC888 


MJ410 

3-620 

2SC889 


MJ410 

3-620 

2SC895 


2N3441 

3-13 

2SC897 


2N5760 

3-123 

2SC898 


2N5760 

3-123 

2SC901 


2N6306 

3-194 

2SC901A 


2N6306 

3-194 

2SC902 


MJ15001 

3-844 

2SC931 


MJE3055 

3" 10 18 

2SC932 


MJE3055 

3-1018 

2SC935 


2N6308 

3-194 

2SC936 


BU205 

3-394 

2SC937 


BU205 

3-394 

2SC939 


MJ15001 

3-844 

2SC940 


2N6249 

3-177 

2SC961 


2N3055A 

3-9 

2SC962 


2N5758 

3-123 

2SC981 


2N5430 

3-108 

2SC999 


BU205 

3-394 

2SC1004 


BU205 

3-394 

2SC1004A 


BU205 

3-394 

2SC1005 


BU208 

3-399 

2SC1013 


MJE180 

3-978 

2SC1014 


MJE181 

3-978 

2SC1025 


2N6233 

3-174 

2SC1030 


2N5760 

3-123 

2SC1031 


2N3585 

3-20 

2SC1034 


BU205 

3-394 

2SC1046 


BU208 

3-399 

2SC1050 


MJ411 

3-620 

2SC1051 


2N5760 

3-123 

2SC1055 


2N5430 

3-108 

2SC1059 


2N3739 

3-37 

2SC1060 


TIP31A 

3-1156 

2SC1061 


TIP31A 

3-1156 

2SC1078 


BU205 

3-394 

2SC1079 


MJ15001 

3-840 

2SC1080 


MJ 15001 

3-840 

2SC1086 


BU208 

3-399 

2SC1088 


MJE3439 

3-1022 

2SC1089 


MJE3439 

3-1022 

2SC1096 


MJE180 

3-978 

2SC1098 


2N4923 

3-82 

2SC1099 


BU208 

3-399 

2SC1100 


BU208 

3-399 

2SC1101 


BU205 

3-394 

2SC1102 


2N3739 

3-37 

2SC1104 


2N3585 

3-20 

2SC1105 


2N3739 

3-37 

2SC1106 


2N6308 

3-194 

2SC1107 


2N6123 

3-164 

2SC1108 


2N6123 

3-164 

2SC1109 


2N6123 

3-164 

2SC1110 


2N6123 

3-164 

2SC1111 


MJ15001 

3-844 

2SC1112 


MJ15001 

3-844 

2SC1113 


MJE15030 

3-1086 

2SC1114 


2N6543 

3-229 

2SC1115 


MJ15001 

3-844 

2SC1116 


MJ15011 

3-850 

2SC1124 


MPSU04 

3-1127 

2SC1125 


MPSU10 

3-1135 

2SC1130 


2N6543 

229 

2SC1131 


2N6543 

3-229 

2SC1132 


BU208 

3-394 

2SC1140 


2N6547 

3-239 

2SC1141 


2N6546 

3-239 

2SC1142 


MJ13015 

3-798 

2SC1143 


MJ13014 

3-798 


1-10 




ALPHANUMERIC INDEX -- CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

2SC1151 


BU205 

3-394 

2SC1152 


2N6308 

3-194 

2SC1153 


BU205 

3-394 

2SC1154 


MJ12003 

3-770 

2SC1155 


MJE182 

3-978 

2SC1156 


2N6543 

3-229 

2SC1157 


2N4923 

3-82 

2SC1160 


2N3738 

3-37 

2SC1161 


2N3738 

3-37 

2SC1162 


MJE180 

3-978 

2SC1167 


BU205 

3-394 

2SC1168 


2N3739 

3-37 

2SC1170 


BU208 

3-394 

2SC1170A 


BU208 

3-394 

2SC1171 


BU205 

3-394 

2SC1172 


BU208 

3-394 

2SC1173 


TIP31 

3-1156 

2SC1174 


MJ12003 

3-770 

2SC1184 


BU205 

3-394 

2SC1185 


2N6308 

3-194 

2SC1195 


2N6308 

3-194 

2SC1224 


MJE341 

3-992 

2SC1226 


MJE800 

3-1002 

2SC1227 


MJ10006 

3-682 

2SC1228 


MJ13091 

3:816 

2SC1229 


MJ10006 

3-682 

2SC1237 


TIP31B 

3-1156 

2SC1243 


MJE800 

3-1002 

2SC1292 


2N6308 

3-194 

2SC1295 


BU205 

3-394 

2SC1304 


2N3739 

3-37 

2SC1309 


BU208 

3-394 

2SC1316 


MJ13015 

3-798 

2SC1322 


2N6250 

3-177 

2SC1325 


MJ12005 

3-778 

2SC1343 


MJ15011 

3-850 

2SC1348 


BU208 

3-394 

2SC1358 


BU208 

3-394 

2SC1367 


BU205 

3-394 

2SC1381 

, 

MJE182 

3-978 

2SC1382 


MJE182 

3-978 

2SC1391 


2N3739 

3-37 

2SC1402 


MJ15001 

3-844 

2SC1403 


MJ 15001 

3-844 

2SC1409 


TIP47 

3-1170 

2SC1410 


TIP47 

3-1170 

2SC1413 


BU208 

3-394 

2SC1418 


TIP31 

3-1156 

2SC1419 


TIP31 

3-1156 

2SC1429 


MPSU01 

3-1123 

2SC1431 


2N3584 

3-20 

2SC1433 


MJ411 

3-620 

2SC1434 


2N6546 

3-239 

2SC1436 


2N6249 

3-177 

2SC1440 


MJ15001 

3-844 

2SC1441 


2N6249 

3-177 

2SC1444 


2N5428 

3-108 

2SC1445 


2N5430 

3-108 

2SC1447 


TIP47 

3-1170 

2SC1448 


TIP47 

3-1170 

2SC1449 


MJE180 

3-978 

2SC1450 


2N3583 

3-20 

2SC1454 


MJ411 

3-620 

2SC1456 


2N3739 

3-37 

2SC1463 


2N6543 

3-229 

2SC1466 


2N3585 

3-20 

2SC1467 


MJ13015 

3-798 

2SC1468 


MJ13091 

3-816 

2SC1469 


MJ13091 

3-816 

2SC1477 

1 

MJ10006 

3-682 


industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

2SC1501 


MJE3439 

3-1022 

2SC15Q4 


MJ13015 

3-798 

2SC1505 


TIP48 

3-1170 

2SC1506 


TIP48 

3-1170 

2SC1507 


TIP48 

3-1170 

2SC1514 


MJE3439 

3-1022 

2SC1516 


2N6037 

3-142 

2SC1517 


2N4922 

3-82 

2SC1519 


MJE340 

3-990 

2SC1520 


MJE340 

3-990 

2SC1521 


MJE340 

3-990 

2SC1576 


MJ13091 

3-816 

2SC1577 


MJ13091 

3-816 

2SC1578 


MJ10014 

3-757 

2SC1579 


MJ10014 

3-757 

2SC1580 


MJ10014 

3-757 

2SC1584 


2N6249 

3-177 

2SC1585 


2N6249 

3-177 

2SC1586 


2N6250 

3-177 

2SC1609 


2N6340 

3-202 

2SC1610 


2N6341 

3-202 

2SC1617 


MJ411 

3-620 

2SC1618 


2N5758 

3-123 

2SC1619 


2N5758 

3-123 

2SC1628 


MPSU04 

3-1127 

2SC1629 


MJ1001 

3-626 

2SC1630 


MPSU04 

3-1127 

2SC1664 


2N6300 

3-157 

2SC1667 


2N5758 

3-123 

2SC1669 


TIP47 

3-1170 

2SC1672 


2N6341 

3-202 

2SC1683 


TIP47 

3-11/0 

2SC1722 


TIP48 

3-1170 

2SC1723 


TIP48 

3-1170 

2SC1728 


MPSU07 

3-1133 

2SC.1749 


MJE340 

3-990 

2SC1755 


MJE2360T 

3-1014 

2SC1756 


MJE2360T 

3-1014 

2SC1757 


MJE2360T 

3-1014 

2SC1760 


MPSU07 

3-1133 

2SC1761 


MPSU01 

3-1123 

2SC1768 


MJ3041 

.3-632 

2SC1777 


2N5882 

3-130 

2SC1782 


MJ15001 

3-844 

2SC1783 


2N6249 

3-177 

2SC1784 


MJ 15001 

3-844 

2SC1785 


2N6249 

3-177 

2SC1786 


2N6250 

3-177 

2SC1818 


2N6340 

3-202 

2SC1819 


MJE2361T 

3-1014 

2SC1826 


TIP41B 

3-1166 

2SC1827 


TIP41C 

3-1166 

2SC1829 


MJ3041 

3-632 

2SC1830 


2N6578 

3-243 

2SC1831 


2N6056 

3-157 

2SC1832 


MJ10009 

3-688 

2SC1846 


MJE180 

3-978 

2SC1847 


MJE181 

3-978 

2SC1848 


MJE182 

3-978 

2SC1866 


2N5760 

3-123 

2SC1868 


MJ13090 

3-816 

2SC1869 


MJ15001 

3-844 

2SC1870 


2N6546 

3-239 

2SC1875 


MJ12003 

3-770 

2SC1880 


TIP112 

3-1178 

2SC188t 


TIP110 

3-1178 

2SC1883 


TIP122 

3-1181 

2SC1884 


2N6301 

3-157 

2SC1891 


BU205 

3-394 

2SC1892 


BU205 

3-394 


1-11 





ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Dlroct 

Roplacement 

Motorola 

Similar 

Reptacoment 

Page 

Number 

2SC1893 


MJ12003 . 

3-770 

2SC1894 


BU208 

3-394 

2SC1895 


MJ12005 

3-778 

2SC1896 


MJ12005 

3-778 

2SC1903 


MJE341 

3-992 

2SC1904 


MJE341 

3-992 

2SC1905 


MJE2361T 

3-1014 

2SC1922 


MJ12003 

3-770 

2SC1929 


TIP48 

3-1170 , 

2SC1942 


MJ 12003 

3-770 

2SC1983 


TIP111 

3-1178 

2SC1984 


TIP112 

3-1178 

2SC1985 


TIP41B 

3-1166 

2SC1986 


TIP41C 

3-1166 

2SC2024 


2N4923 

3-82 

2SC2027 


MJ12005 

3-778 . 

2SC2068 


MJE340 

3-992 

2SC2071 


MJE3440 

3-1022 

2SC2073 


TIP47 

3-1170 

2SC2080 


MJE180 

3-978 

2SC2085 


MJE2361T 

3-1014 

2SC2121 


MJ411 

3-62Q 

2SC2122 


MJ431 

3-622 : 

2SC2123 


l\/IJ10014 

3-700 

2SC2126 


MJE13004 

3-1058 

2SC2127 


2N6249 

3-177 

2SC2128 


MJ10015 

3-706 

2SC2138 


MJ13091 

3-816 

2SC2139 


MJ13091 

3-816 

2SC2140 


MJ13091 

3-816 

2SC2147 


MJ10015 

, 3-706 

2SC2148 


MJ13091 

,3-816 

2SC2151 


MJ10014 

3-757 

2SC2159 


MJ10015 

3-757 

2SC2167 


MJE15030 

3-1086 

2SC2168 


MJE15030 

3-1086 

2SC2189 


MJ15001 

3-844 

2SC2i90 


2N6545 

3-235 

2SC2191 


2N6547 

3-239 

2SC2198 


2N6301 

3-157 

2SC2199 


MJ11018 

3-759 

2SC2204 


MJ10016 

3-706 

2SC2209 


MJE181 

3-978 

2SC2220 


MJ10016 

3-706 

2SC2229 


TIP47 

3-1170 

2SC2230 


TIP47 

3-1170 

2SC2233 


2N6497 

3-225 

2SC2235 


TIP47 

3-1170 

2SC2236 


TIP31 

3-1156 

2SC2238 


T1P47 

3-1170 

2SC2239 


2N3584 

3-20 

2SC2242 


MJE2361T 

3-1014 

2SC2243 


2N6543 

3-229 

2SC2244 


2N6545 

3-235 

2SC2245 


MJ13091 

3-816 

2SC2246 


2N6547 

3-239 

2SC2247 


2N6543 

3-229 

2SC2248 


2N6545 

3-235 

2SC2249 


MJ10015 

3-757 

2SC2250 


MJ10016 

3-757 

2SC2256 


2N6249 

,3-177 

2SC2260 


2N6249 

3-177 

2SC2261 


2N6249 

3-177 

2SC2262 


2N6249 

, 3-177 

2SC2270 


2N5194 

3-92 

2SC2278 


MJE3439 

3-1022 

2SC2292 


MJ13091 

3-816 ; 

2SC2293 


MJ13091 

3-816 

2SC2298 


MJE270 


2SC23ir 


2N4922 

3-82 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

2SC2321 


MJ15001 

3-844 : 

2SC2322 


MJ15015 

3r9 

2SC2323 


MJ15001 

3-844 : 

2SC2324 


2N6038 

3-142 ; 

2SC2331 


MJE13004 

3-1058 ' 

2SC2333 


MJE13005 

3-1058 

2SC2334 

. 

MJE15030 

3-1086 

2SC2335 


MJE13007 

3-1064 

2SC2337 


MJ15001 

3-844 

2SC2344 

, 

TIP47 

3-1170 

2SC2354 


2N3739 

3-37 

2SC2356 


MJ13091 

3-816 

2SC2357 


MJ12010 

3-786 

2SC2358 


MJ12010 

3-786 

2SC2359 


MJ13015 

3-798 

2SC2366 


MJ10016 

3-706 

2SC2371 


MJE3439 

3-1022 

2SC2373 


MJE 13006 

3-1064 

2SC2388 


2N6543 

3-229 

2SC2397 


MJE3055T 

3-1018 ' 

2SC2402 


2N6546 

3-239 

2SC2403 


MJ10015 

3-706 

2SC2428 


2N6249 

3-172 

2SC2429 

. 

MJ16010 

3-890 

2SC2430 


MJ 15001 

3-844 

2SC2431 


MJ15015 

3-9 

2SC2432 


2N5882 

3-130 

2SC2433 


MJ11016 

3-757 

2SC2434 


2N6328 

- 

2SC2435 


2N6059 

3-153 

2SC2436 


2N6059 

3-153 

2SC2442 


MJ10016 

3-706 

2SC2443 


MJ10016 

3-706 

2SC2448 


MJ13091 

3-816 

2SC2449 


MJ 13091 

3-816 

2SC2450 


MJ13091 

3-816 

2SC2451 


MJ13091 

3-816 

2SC2452 


MJ 13091 

3-816 

2SC2453 


MJ13091 

3-816 

2SC2482 


MJE2361T 

3-1014 

2SC2487 


MJ15001 

3-844 

2SC2488 


MJ15001 

3-844 

2SC2489 


MJ15001 

3-844 

2SC2492 


MJ15001 

3-844 

2SC2493 


MJ 15001 

3-844 

2SC2500 


TIP31 

3-1156 

2SC2516 


2N6497 

3-225 

2SC2534 


MJE13003 

3-1052 

2SC2535 


MJE13005 

3-1058 

2SC2536 


MJE13005 

3-1058 

2SC25 (T0218) 


MJ13091 

3-816 

2SC2562 


TIP42A 

3-1162 

2SC2569 


2N5760 

3-123 

2SC2590 


MJE341 

3-992 

2SD12 


2N5758 

3-123 

2SD15 

■ 

2N5758 

3-123 

2SD16 


2N5758 

3-123 

2SD17 


2N5760 

3-123 

2801 8 


MJ15011 

3-850 

2SD24 


2N3739 

3-37 

28026 


2N5758 

3-123 

28026A 


2N5758 

3-123 

28D26B 


2N5758 

3-123 

28D26C 


2N5760 

3-123 

28028 


2N3767 

3-44 

28029 


2N3767 

3-44 

280041 


2N3716 

3-26 

28045 


2N5760 

3-123 

28046 


2N5760 

3-123 

28047 


2N5758 

3-123 


1-12 




ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

2SD49 


2N3584 

3-20 

2SD50 


2N5758 

3-123 

2SD51 


2N5758 

3-123 

2SD52 


2N5758 

3-123 

2SD53 


2N3055A 

3-9 

2SD55 


2N6328 


2SD56 


2N3738 

3-37 

2SD57 


2N3766 

3-44 

2SD58 


2N3766 

3-44 

2SD60 


2N5760 

3-123 

2SD67 


2N3055A 

3-9 

2SD68 


2N5758 

3-123 

2SD69 


2N5760 

3-123 

2SD70 


2N3766 

3-44 

2SD71 


2N3584 

3-20 

2SD73 


2N5758 

3-123 

2SD74 


2N5760 

3-123 

2SD80 


2N5758 

3-123 

2SD81 


2N5758 

3-123 

2SD82 


2N5758 

3-123 

2SD83 


2N5760 

3-123 

2SD84 


MJ15011 

3-850 

2SD88 


2N5758 

3-123 

2SD90 


2N3766 

3-44 

2SD91 


2N3766 

3-44 

2SD92 


2N3583 

3-20 

2SD93 


2N3584 

3-20 

2SD94 


2N3584 

3-20 

2SD102 


2N3583 

3-20 

2SD103 


2N3584 

3-20 

2SD107 


2N6056 

3-157 

2SD108 


2N6056 

3-157 

2SD110 


MJ15001 

3-844 

2SD111 


2N5882 

3-130 

2SD113, 


MJ802 

3-624 

2SD114 


2N5686 

3-157 

2S0116 


2N5758 

3-123 

2SD117 


2N5760 

3-123 

2SD118 


2N5760 

3-123 

2SD119 


2N5758 

3-123 

2SD124 


2N5758 

3-123 

2SD124A 


2N5758 

3-123 

2SD125 


2N5758 

3-123 

2SD125A 


2N5758 

3-123 

2SD126 


2N5760 

3-123 

2SD129 


2N3767 

3-44 

2SD130 


2N3766 

3-44 

2SD131 


2N5758 

3-123 

2SD132 


2N6338 

. 3-202 

2SD138 


2N3738 

3-37 

2SD139 


2N3739 

3-37 

2SD141 


2N3766 

3-44 

2SD142 


2N3766 

3-44 

2SD143 


2N3767 

3-44 

2SD144 


2N3767 

3-44 

2SD146 


2N4912 

3-75 

2SD147 


2N4912 

3-75 

2SD148 


2N4912 

3-75 

2SD150 


2N3583 

3-20 

2SD151 


2N5882 

3-130 

2SD152 


2N3583 

3-20 

2SD154 


2N3767 

3-44 

2SD155 


2N3767 

3-44 

2SD156 


2N3738 

3-37 

2SD157 


2N3739 

3-37 

2SD158 


2N3738 

3-37 

2SD159 


2N3739 

3-37 

2SD161 


MJ15001 

3-844 

2SD163 


2N3715 

3-26 

2SD164 


2N5882 

3-130 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

2SD165 


MJ15001 

3-844 

2SD166 


MJ15011 

3-850 

2SD168 


2N6385 

3-209 

2SD171 


2N6543 

3-229 

2SD172 


2N5877 

3-127 

2SD173 


2N5882 

3-130 

2SD174 


2N5877 

3-127 

2SD175 


2N5882 

3-130 

2SD176 


2N5882 

3-130 

2SD177 


MJ15001 

3-844 

2SD180 


2N5758 

3-123 

2SD181 


MJ 15001 

3-844 

2SD188 


2N5758 

3-123 

2SD189 


2N5758 

3-123 

2SD189A 


2N5758 

3-123 

2SD198 


2N6308 

3-194 

2SD199 


BU205 

3-394 

2SD200 


BU205 

3-394 

2SD201 


2N5758 

3-123 

2SD202 


2N3055A 

3-9 

2SD203 


2N5760 

3-123 

2SD206 


2N5877 

3-127 

2S0207 


2N5882 

3-130 

2SD208 


MJ15001 

3-844 

2SD211 


2N5877 

3-127 

2SD212 


2N5882 

3-130 

2SD213 


MJ15001 

3-844 

2SD214 


MJ15001 

3-844 

2S0217 


MJ15001 

3-844 

2S0218 


MJ15001 

3-844 

2SD226 


2N3766 

3-44 

2S0231 


2N5302 

3-96 

2SD232 


2N6275 

3-181 

2SD234 


TIP31A 

3-1156 

2SD235 


TIP31A 

3-1156 

2SD236 


2N4912 

3-75 

2SD237 


2N4912 

3-75 

2SD238 


2N3583 

3-20 

2S0241 


2N3766 

3-37 

2S0242 


2N3767 

3-37 

2SD243 


MJE15030 

3-1086 

2S0244 


MJE15030 

3-1086 

2SD246 


BU208 

3-394 

2SD247 


2N5758 

3-123 

2SD249 


2N5302 

3-96 

2SD250 


2N6328 ' 

_ 

2SD251 


2N3584 

3-20 

2S0254 


2N3767 

3-37 

2SD255 


2N3767 

3-37 

2SD256 


2N3766 

3-37 

2SD257 


2N3767 

3-37 

2SD258 


MJE15030 

3-1086 

2SD259 


MJE15030 

3-1086 

2SD260 


2N5758 

3-123 

2SD262 


2N6546 

3-239 

2SD265 


2N6545 

3-239 

2SD266 


2N6545 

3-239 

2SD271 


MJE13005 

3-1058 

2SD272 


MJE13005 

3-1058 

2SD273 


2N6545 

3-239 

2SD274 


2N6545 

3-239 

2SD283 


MJE 15030 

3-1086 

2SD284 


MJE15030 

3-1086 

2SD285 


MJE15030 

3-1086 

2SD286 


MJ15011 

3-850 

2SD287 


MJ15011 

3-850 

2SD288 


TIP31B 

3-1156 

2SD289 


TIP31B 

3-1156 

2SD290 


2N5428 

3-108 

2SD291 


2N3767 

3-44 


1-13 




ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

2SD292 


2N3767 

3-44 

2S0293 


2N6547 

3-239 

2SD294 


2N6547 

3-239 

2SD295 


MJ13335 

3-834 

2SD296 


MJ13335 

3-834 

2SD297 


MJE15030 

3-1086 

2SD299 


MJ12004 

3-772 

2SD300 


MJ12004 

3-772. 

2SD301 


2N6385 

3-209 

2SD310 


2N6547 

3-239 

2SD311 


2N6547 

3-239 

2SD312 


2N6543 

3-229 

2SD313 


TIP31A 

3-1156 

2SD314 


TIP31A 

3-1156 

2SD315 


2N3766 

3-44 

2SD316 


2N3716 

3-26 

2SD317 


TIP31A 

3-1156 

2SD318 


TIP31A 

3-1156 

2SD319 


MJ15001 

3-844 

2S0320 


2N6308 

3-194 

2SD321 


2N6306 

3-194 

2SD322 


MJ15018 

- . 

2SD323 


MJ15018 

■- 

2SD324 


2N3739 

3-37 

2SD325 


TIP31 

3-1156 

2SD326 


2N3739 

3-37 

2SD330 


TIP31A 

3-1156 

2SD331 


TIP31A 

3-1156 

2SD334 


2N3055A 

3-9 

2SD335 


2N5758 

3-123 

2SD338 


2N5758 

3^123 

2SD339 


2N5758 

Mn 

2SD340 


MJ15015 

; 3:9 

2SD341 


MJ15015 

3=9 

2SD342 


TIP31B 

3-1156 

2SD343 


TIP31B 

3-1156 

2SD344 


TIP31B 

3-1156 

2SD345 


TIP31B 

3-1156 

2SD346 


TIP41A 

3-1166 

2S0347 


TIP41A 

3,-1166 

2SD348 


MJ 12005 

3-772 

2SD350 


MJ 12004 

3-772 

2SD351 


2N6545 

3-235 

2SD353 


2N6308 

3-194 

2SD356 


2N4923 

3-82 

2SD357 


2N4923 

3-82 

2SD358 


2N4923 

3-82 

2SD359 


2N5190 

3-88 

2SD360 


2N5190 

3-88 

2SD361 


2N5191 

3-88 

2SD363 


MJ10015 

3-706 

2SD364 


MJ10016 

3-706 

2SD365 


TIP31A 

3-1156 

2SD366 


TIP31A 

3-1156 

2SD368 


MJ12005 

3-778 

2SD369 


2N3716 

3-26 

2SD371 


2N5758 

3-123 

2SD372 


MJ10015 

3-706 

2SD373 


MJ10015 

3-706 

2SD374 


MJ10016 

3-706 

2SD375 


MJ 13330 

3-828 

2SD376 


MJ 13331 

3-828 

2SD377 


MJ13334 

3-834 

2SD379 


2N5758 

3-123 

2SD380 


MJ12005 

3-778 

2SD381 


MJE15030 

3-1086 

2SD382 


MJE15030 

3-1086 

2SD383 


MJ411 

3-620 

2SD384 


2N6301 

3-157 

2SD385 


2N6301 

3-157 


Motorola 


Motorola 


Industry Direct 

Part Number Replacement 


Similar Page 

Replacement Number 


2SD386 

2SD387 

2SD388 

2SD389 

2SD390 


MJE13004 

MJE13004 

MJ15018 

TIP31A 

TIP31A 


3-1058 

3-1058 

3-1156 

3-1156 


2SD393 

2SD394 

2SD395 

2S0396 

2SD401 


MJ13091 

MJ13091 

MJ13091 

2N6547 

TIP47 


3-816 

3-816 

3-816 

3-239 

3-1170 


2SD402 

2S0404 

2SD414 

2SD415 

2SD416 


TIP47 

TIP120 

MJE341 

MJE341 

MJ12005 


3-1170 

3-1181 

3-992 

3-992 

3-778 


2SD417 

2SD418 

2SD422 

2SD423 

2SD424 


2N6306 

MJ12005 

MJE13004 

MJE13004 

MJ15001 


3-194 

3-778 

3:1058 

3-1058 

3-844 


2SD425 

2SD426 

2SD427 

2SD428 

2SD429 


MJ15001 

MJ15001 

2N3055A 

2N5758 

2N6547 


3-844 

3-844 

3-9 

3-123 

3-239 


2SD430 

2SD431 

2SD432 

2SD433 

2SD434 


2N3055A 

MJ15001 

MJ15001 

MJ15011 

MJ13330 


3-9 

3-844 

3-844 

3-844 

3-828 


2SD435 

2SD436 

2SD437 

2SD457 

2SD458 


MJ 13333 
MJ13333 
MJ13091 
MJ10015 
MJ13091 


3-834 

3-834 

3-816 

3-706 

•3-816 


2SD459 

2SD460 

2SD461 

2SD463 

2SD464 


TIP121 

TIP122 

MJ411 

2N6056 

2N6056 


3-1181 

3-1181 

3-620 

3-157 

3-157 


2SD475 

2SD476 

2SD478 

2SD479 

2S0480 


2N6122 

2N6123 

TIP47 

2N6037 

2N6038 


3-164 

3-164 

3-1170 

3-142 

3-142 


2SD481 

2SD482 

2S0483 

2SD484 

2SD485 


2N6039 

2N5655 

2N5656 

2N5657 

2N5190 


3-142 

3-116 

3-116 

3-116 

3-88 


2SD486 

2SD487 

2SD488 

2SD489 

2SD490 


2N5191 

2N5192 

2N4921 

2N4922 

2N4923 


3-88 

3-88 

3-82 

3-82 

3-82 


2SD491 

2SD492 

2S0493 

2SD494 

2SD495 


MJE3055 

2N3055 

MJE3055 

MJE3055 

MJE3055 


3-1018 

3-6 

3-1018 

3-1018 

3-1018 


2SD496 

2SD497 

2SD498 

2SD499 

2SD500 


MJE6043 

MJE6044 

MJE6045 

MJE3055 

MJE3055 


3-146 

3-146 

3-146 

3-1018 

3-1018 


2SD501 

2SD502 

2SD503 

2SD504 

2SD505 


2N5991 

2N6055 

2N6056 

2N6057 

2N6058 


3-138 

3-157 

3-157 

3-153 

3-153 


1-14 





ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 



Motorola 

Motorola 



Industry 

Direct 

Similar 

Page 


Part Number 

Replacement 

Replacement 

Number 


2SD690 


2N5428 

3-108 


2SD691 


2N6301 

3-157 


2SD692 


2N6056 

3-157 


2SD693 


MJ10012 

3-696 


2SD694 


MJ10015 

3-706 


2SD695 


MJ10015 

3-706 


2SD696 


MJ10015 

3-706 


2SD702 


MJ10015 

3-706 


2SD703 


MJ10016 

3-706 


2SD705 


MJ10012 

3-696 


2SD706 


MJ10014 

3-700 


2SD707 


MJ10014 

3-700 


2SD708 


MJ10014 

3-700 


2SD709 


MJ3041 

3-632 


2SD710 


MJ10004 

3-676 


2SD716 


TIP41C 

3-1166 


2SD717 


D44H10 

3-616 


2SD718 


MJE15028 

3-1086 


2SD721 


2N6045 

3-146 


2SD722 


2N6045 

3-146 


2SD723 


TIP31C 

3-1156 


2SD724 


MJE13004 

3-1058 


2SD725 


MJ 12005 

3-778 


2SD726 


TIP31C 

3-1156 


2SD727 


2N3055A 

3-9 


2SD728 


2N5760 

3-123 


2SD729 


2N6284 

3-185 


2SD731 


2N6306 

3-194 


2SD732 


2N6306 

3-94 


2SD733 


MJ15001 

3-844 


2SD748 


2N6308 

3-194 


2SD749 


2N6543 

3-229 


2SD751 


MJ423 

3-622 


2SD752 


MJ 15001 

3-844 


2SD753 


2N6249 

3-177 


2SD757 


MJE3440 

3-1022 


2SD758 


MJE3440 

3-1022 


2SD759 


TtP47 

3-1170 


2SD760 


TIP47 

3-1170 


2SD761 


TIP47 

3-1170 


2SD762 


TIP31A 

3-1156 


2SD764 


MJ 12002 

3-765 


2SD765 


MJ12003 

3-770 


2SD766 


2N3739 

3-37 


2SD768 


2N6045 

3-1156 


2SD793 


MJE180 

3-978 


2SD794 


MJE182 

3-978 


2SD797 


MJE802 

3-1002 


2SD800 


2N6308 

3-194 


2SD801 


2N6545 

3-235 


2SD802 


2N6545 

3-235 


2SD803 


2N6059 

3-153 


2SD805 


MJ10016 

3-706 


2SD811 


MJ12010 

3-786 


2SD823 


MJE15030 

3-1086 


2SD836 


TIP110 

3-1178 


2SD837 


TIP120 

3-1 181 


2SD839 


MJE800T 

3-1002 


2SD840 


TIP121 

3-1181 


2SD843 


MJE15028 

3-1086 


2SD844 


MJE3055T 

3-1018 


2SD867 


MJ15001 

3-844 


2S0872 


MJE3055 

3-1018 


2SD873 


2N3773 

3-52 


2SD877 


2N3441 

3-13 


2SD878 


2N3055 

3-6 


2SD880 


TIP31A 

3-1156 


2SD882 


MJE180 

3-978 


2SD903 


MJ 12005 

3-778 


2SD950 


MJ12004 

3-770 



/ 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

2SD506 


2N6059 

3-153 

2SD517 


MJ12003 

3-770 

2SD518 


MJE 13004 

3-1058 

2SD519 


MJ13015 

3-798 

2SD522 


2N5882 

3-130 

2SD523 


2N6055 

3-157 

2SD524 


2N6056 

3-157 

281)525 


TIP41C 

3-1166 

2SD526 


TIP41B 

3-1166 

2SD531 


TIP41C 

3-1166 

2SD533 


MJ423 

3-622 

2SD538 


MJ 13091 

3-816 

2SD539 


MJ13015 

3-798 

2SD544 


TIP41C 

3-1166 

2SD552 


2N6250 

3-177 

2SD553 


TIP41B 

3-1166 

2SD554 


2N3584 

3-20 

2SD555 


MJ13015 

3-798 

2SD558 


MPSU07 

3-1133 

2SD570 


2N6123 

3-164 

2SD572 


MJ10014 

3-700 

2SD573 


MJ10014 

3-700 

2SD574 


MJ11016 

3^706 

2SD577 


MJ 12004 

3-770 

2SD589 


MJ12005 

3-778 

2SD597 


2N5758 

3-123 

2SD598 


2N3055A 

3-9 

2SD600 


2N4923 

3-82 

2SD604 


MJ3041 

3-632 

2S0605 


MJ3042 

3-632 

2SD606 


MJ10014 

3-700 

2SD608 


TIP47 

3-1170 

2SD610 


TIP47 

3-1170 

2SD612 


MJE520 

3-1000 

2SD613 


TIP41C 

3-1166 

2SD622 


MJE13005 

3-1058 

2SD626 


MJ10012 

3-696 

2SD627 


MJ12004 

3-770 

2SD628 


2N6059 

3-153 

2SD629 


2N6059 

3-153 

2SD630 


2N5302 

3-96 

2SD631 


2N5302 

3-96 

2SD632 


2N6308 

3-194 

2SD633 


T1P122 

3-1181 

2SD634 


TIP121 

3-1181 

2SD635 


TIP120 

3-1181 

2SD640 


2N6545 

3-235 

2SD642 


MJ10016 

3-706 

2SD643 


MJ10015 

3-706 

2SD644 


MJ10016 

3-706 

2SD645 


MJ10016 

3-706 

2SD646 


MJ10016 

3-706 

2SD649 


MJ12004 

3-770 

2SD650 


MJ3042 

3-632 

2SD663 


MJ3042 

3-632 

2SD665 


2N6249 

3-177 

2SD668 


MJE344 

3-992 

2SD669 


MJE344 

3-992 

2SD670 


2N6578 

3-243 

2SD672 


2N6308 

3-194 

2SD673 


2N3055A 

3-9 

2SD674 


2N3055A 

3-9 

2SD675 


2N5760 

3-123 

2SD676 


2N5760 

3-123 

2SD677 


2N6543 

3-229 

2SD678 


TIP110 

3-1178 

2SD679 


TIP111 

3-1178 

2SD686 


TIP122 

3-1181 

2SD687 


MJE800T 

3-1002 

2SD689 


TIP112 

3-1178 


1-15 





ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

2SD951 


MJ12004 

3-772 

2SD952 


MJ12004 

3-772 

2SD953 


MJ12005 

3-778 

40250 


2N3054A 

3-2 

40251 , 


2N3055 

3-6 

40310 


2N3054A 

3-2 

40312 


2N3054A 

3-2 

40313 


2N4240 

3-20 

40316 


2N3054A 

3-2 

40318 


2N4240 

3-20 

40322 


2N4240 

3-20 

40324 


2N3054A 

3-2 

40325 


2N3055 

3-6 

40328 


2N4240 

3-20 

40363 


2N5877 

3-127 

40364 


2N4233A 

3-64 

40369 


2N5877 

3-127 

40372 


2N3054 

3-2 

40373 


2N3441 

3-13 

40374 


2N3583 

3-20 

40375 


2N5428 

3-108 

40411 


MJ802 

3-624 

40513 


MJE3055T 

3-1018 

40514 


MJE3055T 

3^018 

40542 


MJE3055 

3-1018 

40543 


IVtJE3055 

3-1018 

40613 


TIP31 

3-1156 

40618 


TIP31 

3-1156 

40621 


T1P31 

3-1156 

40622 


TIP31 

3-1156 

40624 


TIP41A 

3-1166 

40627 


TIP41A 

3-1166 

40629 


T1P31 

3-1156 

40630 


TIP31 

3-1156 

40631 


TIP31A 

3-1156 

40632 


TIP41A 

3-1166 

40636 


2N5878 

3-127 

40829 


2N6316 

3-198 

40830 


2N6315 

3-198 

40831 


2N6315 

3-198 

40850 


2N4240 

3-20 

40852 


2N6543 

3-229 

40853 


2N6546 

3-239 

40854 


2N6546 

3-239 

40871 


T1P41C 

3-1166 

40872 


TIP42C 

3- 1166 

40873 


T1P41B 

3-1166 

40874 


TIP41B 

3-1 166 

40875 


T1P41C 

3-1166 

40875 


TIP41A 

3-1166 

40885 


MPSU10 

3-1135 

40886 


MPSU10 

3-1135 

40887 


MJE340 

3-990 

40910 


2N3054A 

3-2 

40911 


2N3054A 

3-2 

40912 


2N3584 

3-20 

40913 


2N3584 

3-20 

41012 


2N5038 

3-86 

41013 


2N6339 

3-202 

41500 


TIP29 , 

3-1154 

41501 


TIP30 

3-1154 

41504 


TIP31 

3-1156 

41505 


MPSU10 

3-1135 

41506 


2N6543 

3-229 

43104 


2N5631 

3-112 

BD127 

BD157 


3-287 

BD128 

BD158 


3-287 

BD129 

BD159 


3,-287 

BD130 

2N3055 


3-6 

BD131 

BD785 

i 

3-355 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

BD132 

BD786 


3-355 

BD133 

BD787 


3-355 

BD135 

BD135 


3-283 

BD135-6 

BD139-6 


3-283 

BD135-10 

BD139-10 


3-283 

BD135-16 

BD139-16 


,3-283 

BD136 

BD136 


3.285 

BD136-6 

BD140-6 


3-285 

BD136-10 

BD140-10 


3-285 

BD136-16 

BD140-16 


3-285 

BD137 

BD137 


3-283 

BD137-6 

BD-139-6 


3-283 

BD137-10 

BD139-10 


3-283 

BD137-16 

BD139-16 


3-283 

BD138 

BD138 


3-285 

BD138-6 

BD 140-6 


3-283 

BD138-10 

BD140-10 


3-283 

BD138-16 

BD140-16 


3-283 

BD139 

BD139 


3-283 

BD139-6 

BD139-6 


3-283 

B0139-10 

BD139-10 


3-283 

BD139-16 

BD139-16 


3-283 

BD140 

BD140 


3-285 

BD140-6 

6D140-6 


3-285 

BD140-10 

BD140-10 


3-285 

BD140-16 

BD140-16 


3-285 

. BD142 

2N3055 


. 3-6 

BD142-4 

2N3055 


3-6 : 

BD142-6 

2N3055 


3-6 

BD142-7 

2N3055 


3-6 

BD157 

BD157 


3-287. 

BD158 

BD158 


3-287 

BD159 

BD159 


3-287 

BD165 

BD165 


3-289: 

BD166 

BD166 


3:291 

BD167 

BD167 


3-289 

BD168 

BD168 


3-291 

BD169 

BD169 


3-289 

BD170 

BD170 


3-291 

BD175 

Bons 


3-293 

BD175-6 

BD179-6 


3-293 

BD175-10 

BD179-10 


3-293 

BD175-16 

BD179-16 


3-293 

BD176 

BD176 


3-295 

BD176-6 

BD180-6 


3-295 

BD176-10 

BD180-10 


3-295 

BD176-16 

BD180-16 


3-295 

BD177 

BD177 


3-293 

B0177-6 

B0179-6 


3-293 

BD177-10 

BD179-10 


3-293 

BD177-16 

BD179-16 


3-293 

BD178 

BD178 


3-295 

BD178-6 

BD180-6 


3-295 

BD178-10 

BD180-6 


3-295 

BD179 

BD179 


3-293 

BD179-6 

BD179-6 


3-293 

BD179-10 

BD179-10 


3-293 

BD180 

BD180 


3-295 

BD180-6 

BD180-6 


3-295 

BD18010 

BD180-10 


3-295 

8D185 

BD185 


3-297 • 

BD186 

BD186 


3-299 

BD187 

BD187 


3-297 

B0188 

BD188 . 


3-299 

BD189 

BD189 


3-297 

BD190 

BD190 


3-299 

BD195 

MJE3055 


3-1018 

BD196 

MJE2955 


3-1018 

BD197 

MJE3055 


3-1018, 

BD198 i 

MJE2955 


3-1018 

BD199 1 

MJE3055 


3-1018 





ALPHANUMERIC INDEX ~ CROSS-REFERENCE (continued) 


industry 


Motorola 

Direct 


Motorola 

Similar 


Page 


Part Number 


Reptacement 


Replacement 


Number 


BD200 

BD201 

BD202 

BD203 

BD204 


MJE2955 

BD795 

BD796 

BD797 

BD798 


3-1018 

3-363 

3-365 

3-363 

3-365 


BD205 

BD206 

BD207 

BD208 

BD220 


BD205 

BD206 

BD207 

BD208 

BD537 


3-301 

3-303 

3-301 

3-303 

3-345 


BD221 

BD222 

BD223 

BD224 

BD225 


BD533 

BD535 

BD538 

BD534 

BD536 


3-345 

3-345 

3-345 

3-345 

3-345 


BD226 

BD227 

BD228 

BD229 

BD230 


BD135 

BD136 

BD137, 

BD138 

BD139 


3-283 

3-285 

3-283 

3-285 

3-283 


BD231 

BD232 

BD233 

BD234 

BD235 


BD140 

BD232 

B0233 

BD234 

BD235 


3-285 

3-305 

3-307 

3-309 

3-307 


BD236 

BD237 

BD238 

B0239 

BD239-4 


BD236 

BD237 

BD238 

BD241 

BD241-4 


3-309 

3-307 

3-309 

3-311 

3-311 


BD239-5 

BD239-66 

BD239A 

BD239A4 

B0239A5 


BD241-5 

BD241-66 

BD241A 

BD241A4 

BD241A5 


3-311 

3-311 

3-311 

3-311 

3-311 


BD239A66 

BD239B 

BD239B4 

BD239B5 

BD239B66 

BD239C 


BD241A66 

BD241B 

BD241B4 

BD241B5 

BD241B66 

BD241C 


3-311 

3-311 

3-311 

3-311 

3-311 

3-311 


BD239C4 

BD239C5 

B0239C66 

BD240 

BD240-4 


BD241C4 

BD241C5 

BD241C66 

BD242 

BD242-4 


3-311 

3-311 

3-311 

3-311 

3-311 


BD240-5 

B0240-66 

BD240A 

BD240A4 

BD240A5 


B0242-5 

BD242-66 

BD242A 

BD242A4 

BD242A5 


3-311 

3-311 

3-311 

3-311 

3-311 


BD240A66 

BD240B 

BD240B4 

BD240B5 

BD240B66 


BD242A66 

BD242B 

BD242B4 

B0242B5 

BD242B66 


3-311 

3-311 

3-311 

3-311 

3-311 


BD240C 

BD240C4 

BD240C5 

BD240C66 

BD241 


BD242C 

BD242C4 

BD242C5 

BD242C66 

BD241 


3-311 

3-311 

3-311 

3-311 

3-313 


BD241A 

BD241B 

BD241C 

BD242 

BD242A 


BD241A 

BD241B 

BD241C 

BD242 

BD242A 


3-313 

3-313 

3-313 

3-313 


BD242B 

BD242C 

BD243 

BD243A 

BD243B 


BD242B 

BU242C 

BD243 

BD243A 

BD243B 


3-313 

3-313 

3-317 

3-317 

3-317 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

BD243C 

B0243C 


3-317 

BD244 

BD244 


3-317 

BD244A 

BD244A 


3-317 

BD244B 

BD244B 


3-317 

BD244C 

BD244C 


3-317 

BD249 

BD249 


- 

BD249A 

BD249A 



BD249B 

BD249B 


- 

BD249C 

BD249C 


- 

BD250 

BD250 


- 

BD250A 

B0250A 


-* 

BD250B 

B0250B 



BD250C 

BD250C 


3-229 

3-229 

B0253 

2N6543 


BD253A 

2N6543 


BD253B 

2N6543 


3-229 

3-419 

3-379 

3-379 

3-379 

BD253C 

BU326A 


BD268 

BDW45 


BD268A 

BDW46 


BD269 

BOW40 


BD269A 

BDW41 


3-379 

3-351 

3-351 

3-351 

BD262 

BD678 


BD262A 

BD680 


BD262B 

BD682 


BD263 

BD677 


3-349 

BD263A 

BD679 


3-349 

3-349 

3-373 

3-373 

BD263B 

BD681 


BD266 

BD898 


BD266A 

BD900 


BD266B 

BD902 


3-373 

BD267 

BD897 


3-371 

3-371 

3-371 

3-345 

BD267A 

BD899 


BD267B 

BD901 


BD271 

BD533 


BD272 

BD534 


3-345 

BD273 

BD535 


3-345 

BD274 

BD536 


3-345 

3-345 

3-345 

3-1018 

3-1018 

3-1020 

BD275 

BD537 


BD276 

BD538 


BD278 

MJE3055T 


3D278A 

BD279 

MJE3055T 

2N6037 

BD280 


2N6034 

3-1020 

BD291 

BD243 


3-317 

BD292 

BD244 


3-317 

B0293 

BD243A 


3-317 

BD294 

BD244A 


3-317 

BD295 

BD243B 


3-317 

BD296 

BD244B 


3-317 

BD301 

BD533 


3-345 

BD302 

BD534 


3-345 

BD303 

BD535 


3-345 

BD304 

BD536 


3-345 

BD301 

B0795 


3-363 

BD302 

BD796 


3-365 

BD303 

BD797 


3-363 

BD304 

BD798 


3-365 

B0306A 

BD785 


3-363 

BD306B 

BD785 


3-363 

BD307A 

BD787 


3-363 

BD307B 

BD787 


3-363 

BD311 

2N3715 


3-321 

B0312 

2N3791 


3‘321 

B0313 

2N3716 


3-26 

BD314 

2N3792 


3-56 

BD315 

BD368 


3-324 

BD316 

BD369 


3-324 

BD329 

MJE200 


3-982 

BD337 

BDX33D 



BD338 

BDX34D 



BD330 

MJE210 


3-982 





ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

BD331 

BD897 


3-371 

BD332 

BD898 


3-373 

BD333 

BD899 


3-371 

BD334 

BD900 


3-373 

BD335 

BD901 


3-371 

BD336 

BD902 


3-373 

BD342 

2N3055 


3-6 

BD343 

MJE2955 


3^018 

BD344 

BD138 


3-285 

BD345 

BD137 


3-283 

BD346 

BD798 


3-365 

BD347 

BD797 


3-363 

BD348 

BD140 


3-285 

BD349 

BD139 , 


3-283 

BD361 

MJE200 


3-982 

BD361A 

MJE200 


3-982 

BD362 

MJE210 


3-982 

BD362A 

MJE210 


3-982 

BD375 

B0785 


3-355 

BD376 

BD786 


3-355 

BD377 

BD787 


3-355 

BD378 

BD788 


3-355 

BD379 

BD789 


3-359 

BD380 

BD790 


3-359 

BD385 


MJE181 

3-978 

BD385-1 


MJE181 

3-978 

BD385-2 


MJE181 

3-978 

BD385-5 


MJEI 8 I 

3-978 

BD385-8 


MJE181 

3-978 

BD386 


MJE171 

3-978 

BD386-1 


MJE171 

3-978 

BD386-2 


MJE171 

3-978 

BD386-5 : 


MJE171 

3-978 

BD386-8 


MJE171 

3-978 

BD387 


MJE182 

3-978 

BD387-1 


MJE182 

3-978 

BD387-2 


MJE182 

3-978 

BD387-5 


MJE182 

3-978 

Bd387-8 


MJE182 

3-978 

BD388 


MJE172 

3-978 

BD388-1 


MJE172 

3-978 

BD388-2 


MJE172 

3-978 

B0388-5 


MJE172 

3-978 

BD388-8 


MJE172 

3-978 

BD389 , 


MJE243 

3-986 

BD389-1 


MJE243 

3-986 

BD389-2 


MJE243 

3-986 

BD389-5 


MJE243 

3-986 

BD389-8 


MJE243 

3-986 

BD390 


MJE253 

3-986 

BD390-1 


MJE253 

3-986 

BD390-2 


IV1JE253 

3-986 

BD390-5 


MJE253 

3-986 

BD390-8 


MJE253 

3-986 

BD410 

BD232 


3-305 

BD411 


MJE3300 

3-1020 

BD411-1 


MJE3300 

3-1020 

BD411-2 


MJE3300 

3-1020 

BD411-5 


MJE3300 

3-1020 

BD411-8 


i MJE3300 

3-i020 

BD412 


MJE3300 

3-1020 

BD412-1 ^ 


MJE3300 

3-1020 

Bd412-2 


MJE3300 

3-1020 

BD412-5 


IVIJE3300 

3-1020 

BD412-8 


MJE3300 

3-1020 

BD413 


MJE3310 

3-1020 

BD413-1 


MJE3310 

3-1020 

BD413-2 


MJE3310 

3-1020 

BD413-5 


MJE3310 

3-1020 

BD413-8 


MJE3310 

3-1020 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

BD414 


MJE3310 

3-1020 

BD414-1 


MJE3310 

3-1020 

BD414-2 


MJE3310 

3-1020 

B0414-5 


MJE3310 

3-1020 

BD414-8 


MJE3310 

3-1020 

BD415 


MJE181 

3-978 

BD415-1 


MJE181 

3-978 

BD415-2 


MJE181 . 

3-978 

BD415-8 


MJE181 

3-978 

B0416 


MJE171 

3-978 

BD416-1 


MJE171 

3-978 

BD416-2 


MJE171 

3-978 

BD416-5 


MJE171 

3-978 

BD417 


MJE182 

3-978 . 

BD417-1 


MJE182 

3-978 

BD417-2 


MJE182 

3-978 

BD417-5 


MJE182 

3-978 

BD417-8 


MJE182 

3-978 

BD418 


MJE172 

3-978 

BD418-1 


MJE172 

3-978 

BD418-2 


MJE172 

3-978 

BD418-5 


MJE172 

3-978 

BD418-8 


MJE172 

3-978 ; 

BD419 


MJE243 

3-986 

BD419-1 . 


MJE243 

3-986 

BD419-2 


MJE243 

3-986 

BD419-8 


MJE243 

3-986 

BD420 


MJE253 

3-986 

BD420-1 


MJE253 

3-986 

B0420-2 


IV1JE253 

3-986 

BD420-5 


MJE253 

3-986 

BD420-8 


MJE253 

3-986 

BD424 

BD791 


3-359 

BD429 

MJE200 


3-982 

BD430 

MJE210 


3-982 

BD433 

BD433 


3-327 

BD433-16 

BD433 


3-327 

BD434 

BD434 


3-330 

BD434-16 

BD434 


3-330 

BD435 

BD435 


3-327 

B0436 

BD436 


3-330 

BD437 

BD437 


3-327 . 

BD438 

BD438 


3-330 

B0439 

BD439 


3-327 

BD440 

BD440 


3-330 

BD441 

BD441 



BD442 

BD442 


3-330 

BD443 

BD179 


3-293 

BD443A 

BD179 


3-293 

B0466A 


MJE3300 

3-1020 

BD466B j 


MJE3300 

3-1020 

BD477A 


MJE3310 

3-1020 

B0477B 


MJE3310 

3-1020 

BD505 

BD505 


3-333 

BD505-1 

BD505 


3-333 

BD505-5 

BD505 


3-333 

BD506 

BD506 


3-335 

B0506-5 

BD506 


3-335 

BD507 

BD507 


3-333 

BD507-1 

BD507 


3-333 

BD507-5 

BD507 


3-333 

BD508 

BD508 


3-335 

BD508-1 

BD508 


3-335 

BD508-5 

BD508 


3-335 

BD509 

BD509 


3-333 

BD509-1 

BD509 


3-333 

BD509-5 

BD509 


3-333 

BD510 

BD510 


3-335 

BD510-5 

BD510 


3-335 

BD515 

BD515 


3-337 


1-18 





ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

BD590 

BD538 


3-345 

BD591 

BD241C 


3-313 

BD592 

BD242C 


3-313 

BD595 

BD795 


3-363 

BD596 

BD796 


3-365 

BD597 

BD797 


3-363 

BD598 

BD798 


3-365 

BD599 

BD799 


3-363 

BD600 

B0800 


3-365 

BD601 

BD801 


3-363 

BD602 

BD802 


3-365 

BD605 

BD805 


3-367 

BD606 

BD806 


3-369 

BD607 

BD807 


3-367 

B0608 

BD808 


3-369 

BD609 

BD809 


3-367 

BD610 

BD810 


3-369 

BD611 

BD433 


3-327 

BD612 

BD434 


3-330 

BD613 

BD435 


3-327 

BD614 

BD436 


3-330 

B0615 

BD437 


3-327 

BD616 

BD438 


3-330 

BD617 

BD439 


3-327 

BD618 

BD440 


3-330 

B0619 

BD441 



BD620 

BD442 


3-330 

BD633 

BD241 


3-313 

BD634 

BD242 

■ 

3-313 

B0635 

BD241A 


3-313 

BD636 

BD242A 


3-313 

BD637 

BD241B 


3-313 

B0638 

BD242B 


3-313 

BD643 

BD895 


3-371 

B0644 

BD896 


-3-373 

BD645 

BD897 


3-371 

BD646 

B0898 


3-373 

BD647 

BD899 


3-371 

B0648 

BD900 


3-373 

BD649 

BD901 


3-371 

B0650 

BD902 


3-373 

BD661 

BD185 


3-297 

BD661K 

BD533 


3-345 

B0662 

BD186 


3-299 

BD662K 

BD534 


3-345 

BD663 

BD795 


3-363 

BD664 

BD796 


3-365 

BD675 

BD675 


3-349 

BD675A 

BD675A 


3-349 

BD676 

BD676 


3-351 

B0676A 

BD676A 


3-351 

B0677 

BD677 


3-345 

BD677A 

BD677A 


3-345 

BD678 

BD678 


3-351 

B0678A 

BD678A 


3-351 

BD679 

BD679 


3-349 

BD679A 

BD679A 


3-349 

BD680 

BD680 


3-351 

BD680A 

BD680A 


3-351 

BD681 

BD681 


3-349 

BD682 

BD682 


3-351 

B0695 

BD895 


3-371 

BD695A 

BD895A 


3-371 

BD696 

BD896 


3-373 

BD696A 

B0896A 


3-373 

BD697 

BD897 


3-363 

BD697A 

BD897A 


3-363 

BD698 

6D898 


3-373 

BD698A 

BD898A 


3-373 

BD699 

BD899 


. 3-371 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 
. Number 

BD515-1 

BD515 


3-337 

BD515-5 

BD515 


3-337 

BD516 

BD516 


3-339 

BD516-1 

BD516 


3-339 

BD516-5 

BD516 


3-337 

BD517 

BD517 


3-337 

BD517-1 

BD517 


3-33/ 

BD518 

BD518 


3-339 

BD518-1 

BD518 


3-339 

BD519 

BD519 


3-337 

BD519-1 

BD519 


3-337 

80519-5 

B0519 


3-337 

BD520 

BD520 


3-339 

BD520-1 

BD520 


3-339 

BD520-5 

BD520 


3-339 

BD524 

BD791 


3-359 

BD525 

BD525 


3-341 

BD525-2 

BD525 


3-341 

BD525-5 

BD525 


3-341 

BD526 

BD526 


3-343 

BD526-1 

BD526 


3-343 

BD526-5 

BD526 


3-343 

BD527 

BD527 


3-341 

BD527-1 

BD527 


3-341 

BD527-2 

BD527 


3-341 

BD527-5 

BD527 


3-341 

BD528 

BD528 


3-343 

BD528-1 

BD528 


3-343 

BD528-5 

BD528 


3-343 

BD529 

BD529 


3-341 

BD529-1 

BD529 


3-341 

BD529-2 

BD529 


3-341 

BD529-5 

BD529 


3-341 

BD530 

BD530 


3-343 

BD530-1 

BD530 


3-343 

BD530-5 

BD530 


3-343 

BD533 

BD533 


3-345 

BD534 

BD534 


3-345 

BD535 

BD535 


3-345 

BD536 

BD536 


3-345 

BD537 

BD537 


3-345 

BD538 

BD538 


3-345 

BD539 

BD243 


3-317 

BD539A 

B0243A 


3-317 

BD539B 

BD243B 


3-317 

BD539C 

BD243C 


3-317 

BD540 

BD244 


3-317 

BD540A 

BD244A 


3-317 

BD540B 

BD244B 


3-317 

BD540C 

BD244C 


3-317 

BD543 

BD805 


3-367 

BD543A 

BD807 


3-367 

BD543B 

BD809 


3-367 

BD544 

BD806 


3-369 

BD544A 

BD808 


3-369 

BD544B 

BD810 


3-369 

BD546D 

BD546D 



BD561 

BD187 


3-297 

BD575 

BD241 


3-313 

BD576 

BD242 


3-313 

BD577 

BD241A 


3-313 

BD578 

BD242A 


3-313 

BD579 

BD241B 


3-313 

BD580 

BD242B 


3-313 

BD581 

BD241C 


3-313 

BD582 

BD242C 


3-313 

BD585 

BD533 


3-345 

BD586 

BD534 


3-345 

BD587 

BD535 


3-345 

BD588 

BD536 


3-345 

BD589 

BD537 


3-345 


1-19 





ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 



Motorola 

Motorola 


Industry 

Direct 

Similar 

Page 

Part Number 

Replacement 

Replacement 

Number 

BD699A 

BD899A 


3-371 

B07Da 

BD900 


3-373 

BD70QA 

BD900A 


3-373 

BD7bl 

BD9bl 

' 

3-371 

BD7b2 

B0902 


3-373 

BD705 

BD795 


3-363 

Bd706 

BD796 


3-365 

BD707 

BD797 


3-363 

BD708 

BD798 


3-365 

BD709 

BD79S 


3-363 

BD710 

Bb8Q0 


3-365 

BD711 

BD801 


3-363 

BD712 

60802 


3-365 

fiD733 

BD833 


3-345 

BD734 

80534 


3-345 

BD735 

60533 


3-345 

BD736 

BD534 


3-345 

BD737 

B0,533 


3-345 

BD738 

60534 


3-345 

BP743 

B0805 


3-345 



3-367 

BD743A 

B0807 


3-367 

BD743B 

60809 

MJE15030 

BD743D 


3-367 

BD744 

60806 


3-1086 

B0744A 

60808 


3-369 



3-369 

BD744B 

BD744D 

60810 

MJE15031 

3-369 

BD775: 

BD775 


3-1086 

BD776 

BD776 


3-353 

BD777 

60777 


3-353 



3-353 

BD778 

BD778 


3-353 

BD779 

BD779 

. 

BD780 

BD780 


3-353 

Bd785 

BD785 

, 

3-353 

B0786 

B0786 


3-355 



3-355 

B0787 

60787 


3-355 

B0788 

60788 


B0789 

60789 


3-355 

B0790 

60790 


3-359 

B0791 

BD791 


3-359 

' ! 


3-359 

BD792 

BD792 

1 

3-359 

BD795 

60795 


BD796 

BD796 


3 363 

BD797 

BD797 


3-365 

BD798 

60798 


3-363 



3-365 

BD799 

60799 

; ' 

3-363 

BD800 

BD800 


BD801 

60801 


3-365 

BD802 

BD802 


3-363 

BD805 

60805 


3-365 



3-367 

B0806 

60806 


3-369 

B0807 

60807 


3-367 

B0808 

BD808 


3-369 

BD809 

80809 


3-367 

BD810 

B0810 


3-369 ■ 

BD813 

BD814 


MJE181 

MJE171 

3-978 

3-978 

BD815 


MJE182 

3-978 

BD816 

BD817 


MJE172 

MJE243 

3-978' 

3-986 

BD818 

BD825 

BD826 


MJE253 

MJE181 

MJE171 

3-986 

3-978 

3-978 

BD827 

BD828 


MJE182 

MJE172 

3-978 

3-978 

BD829 

60830 

BD785 

MJE243 

M JE253 

3;986 

3-986 

BD833 


3-355 

BD834 

60786 


3-355 

BD835 

60787 


3-355 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

BD836 

B0788 


3-355 

BD837 

B0789 


3-359 

BD838 

B0790 


3-359 

BD839 

C.M. 


_ 

60861 

60675 


3-349 

60862 

BB676 


3-351 

60863 

60677 


3-349 

60864 

B0678 


3-351 

60865 

BD679 


3-349 

60866 

BD680 


3-350 

B0875 

BD775 


3-353 

B0876 

B0776 


3-353 

B0877 

B0777 


3-353 

B0878 

B0778 


3-353 

B0879 

BD779 


3-353 

BD880 

60780 


3-353 

60895 

60895 


3-371 

B0895A 

B0895A 


3-371 

BD896 

60896 


3-373 

BD896A 

B0896A 


3-373 

60897 

60897 


3-371 

B0897A 

B0897A 


3-371 

60898 

60898 


3-373 

BD898A 

B0898A 


3-373 

60899 

60899 


3-371 

80899A 

BD899A 


3-371 

BD900 

BD900 


3-373 

B0900A 

BD900A 


3-373 

B0901 

B0901 


3-371 

BD902 

B0902 


3-373 

B0905 

2N6486 


3-221 

B0906 

2N6489 


3-221 

BD907 

2N6487 


3-221 , 

B0908 

2N6490 


3-221 

BD909 

' 

2N6488 


3-221 

60910 

2N6491 


3-221 

60933 

60241 


3-313 

BD934 

60242 


3-313 

60935 

B0241A 


3-313 

60936 

BD242A 


3-313 

60937 

BD241B 


3-313 

80938 

BD242B 


3-313 

80939 

B0241C 


3-313 

60940 

B0242C 


3-313 

60941 


MJE15030 

3-1086 

B0942 


IV1JE15031 

3-1086 

BD943 

B0533 


3-345 

BD944 1 

B0534 


3-345 

B0945 

B0533 


3-345 

60946 

B0534 


3-345 

B0947 

B0533 


3-345 

60948 

B0534 


3-345 

60949 

60535 


3-345 

60950 

60536 


3-345 

60951 

60537 


3-345 

60952 

60538 


3-345 

60953 

B0241C 


3-311 

60954 

B0242C 


3-311 

60955 


MJE15030 

3-1086 

60956 


MJE15031 

3-1086 

B0975 

B0775 


3-353 

B0976 

B0776 


3-353 

B0977 

B0777 


3-353 

B0978 

60778 


3-353 

B0979 

60779 


3-353 

60980 

60780 


3-353 

B0T29 

TIP29 


3-1154 

B0T29A 

TIP30 


3-1154 

B0T29B 

TIP29B 


3-1154 

B0T29C 

TIP29C 


3-1154 


1-20 




ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page , 
Number 

BDT30 

TIP30A 


3-1154 

BDT30B 

TIP30B 


3-1154 

BDT30C 

TIP30C 


3-1154 

BDT31 

TIP31 


3-1056 

BDT31A 

TIP31A 


3-1056 

BDT31B 

TIP31B 


3-1056 

BDr31C 

TIP31C 


3-1056 

BDT32 

TIP32 


3-1056 

BDT32A 

TIP32A 


3-1056 

BDT32B 

TIP32B 


3-1056 

BOT32C 

TIP32C 


3-1156 

BDT41 

TIP41 


3-1166 

BDT41A 

TIP41A 


3-1166 

BDT41B 

TIP41B 


3-1166 

BDT41C 

TIP41C 


3-1166 

BDT42 

TIP42 


3-1166 

BDT42A 

TIP42A 


Oil cc 

BDT42B 

TIP42B 


0-llbb 

BDT42C 

TIP42C 


3-1166 

BDT60 

TIP125 


3-1181 

BDT60A 

TIP126 


3-1181 

BDT60B 

TIP127 


3-1181 

BDT60C 

BDX53D 



BDT61 

TIP120 


3-1181 

BDT61A 

T1P121 


3-1181 

BDT61B 

TIP122 


3-1181 

BDT61C 

BDX53D 



BDT62 

BDW45 


3-379 

BDT62A 

BDW46 


3-379 

BDT62B 

BDW47 


3-379 

BDT62C 

BDW48 


3-379 

BDT62C 

CM, 



BDT63 

BDW40 


3-379 

BDT63A 

BDW41 


3-379 

BDT63B 

BDW42 


3-379 

BDT63C 

BDW43 



BDT64 

BDW44 


3-379 

B0T64A 

BDW45 


3-379 

BDT64B 

BDW46 


3-379 

BDT64C 

BDW47 


3-379 

BDT65 

BDW40 


3-379 

BDT65A 

BDW41 


3-379 

BDT65B 

BDW42 


3-379 

BDT65C 

BDW43 



BDT91 

BD807 


3-367 

BDT92 

B0808 


3-369 

BDT93 

BD809 


3-367 

BDT94 

BD810 


3-369 

BDV64 

BDV64 


3-375 

BDV64A 

BDV64A 


3-375 

BDV64B 

BDV64B 


3-375 

BDV64C 

MJH11017 


3-375 

BDV65 

BDV65 


3-375 

BDV65A 

BDV65A 


3-375 

BDV65B 

BDV65B 


3-375 

BDV65C 

MJH11018 


3-375 

BDV66C 

MJH11017 


3-1117 

BDV66D 

MJH11019 


3-1117 

BDV67C 

MJH11018 


3-1117 

BDV67D 

MJH 11020 


3-1117 

BDV91 

MJE3055T 


3-1018 

BDV92 

TIP34B 


3-1160 

BDV93 

TIP34C 


3-1160 

BDV94 

TIP2955 


3-1189 

BDV95 

TIP33B 


3-1160 

BDV96 

TIP33C 


3-1160 

BDW21 

2N3714 


3-26 

BDW21A 

2N3714 


3-26 

BDW21B 

2N3714 


3-26 

BDW21C 


2N5882 

3-130 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

BDW22 

2N3789 


3-56 

BDW22A 

2N3789 


3-56 

BDW22B 

2N3790 


3-56 

BDW22C 

2N5880 


3-130 

BDW23 

BDX53 


3-389 

BDW23A 

BDX53A 


3-389 

B0W23B 

BDX53B 


3-389 

BDW23C 

BDX53C 


3-389 

BDW24 

BDX54 


3-389 

BDW24A 

BDX54A 


3-389 

BDW24B 

BDX54B 


3-389 

BDW24C 

BDX54C 


3-389 

BDW39 

BDW39 


3-379 

BDW40 

BDW40 


3-379 

BDW41 

BDW41 


3-379 

BDW42 

BDW42 


3-379 

BDW44 

BDW44 


3-379 

BDW45 

BDW45 


3-379 

BDW46 

BDW46 


3-379 

BDW47 

BDW47 


3-379 

BDW51 

2N3715 


3-26 

B0W51A 

2N3715 


3-26 

BDW51B 

2N3716 


3-26 

BDW51C 

2N5882 


3-130 

BDW52 

2N3791 


3-56 

BDW52A 

2N3792 


3-56 

BDW52B 

2N3792 


3-56 

BDW52C 

2N5880 


3-130 

BDW53 

TIP120 


3-1181 

BDW53A 

TIP120 


3-1181 

BDW53B 

TIP121 


3-1181 

BDW53C 

BDX53C 


3-389 

BDW53C 

C.M. 


_ 

BDW530 

BDX53D 


_ 

BDW53D 

C.M, 


- 

BDW54 

TIP125 


3-1181 

BDW54A 

TIP125 


3-1181 

BDW54B 

TIP126 


3-1181 

BDW54C 

BDX54C 


3-389 

B0W540 

BDX54D 



BDW55 

BD135 


3-283 

BDW56 

BD136 


3-285 

BDW57 

BD137 


3-283 

BDW58 

BD138 


3-285 

BDW59 

BD139 


3-283 

BDW60 

BD140 


3-285 

BDW63 

BDX53 


3-389 

BDW63A 

BDX53A 


3-389 

BDW636 

BDX53B 


3-389 

BDW63C 

BDX53C 


3-389 

BDW63D 

BDX53D 


_ 

B0W64 

BDX54 


3-389 

BDW64A 

BDX54A 


3-389 

BDW64B 

BDX54B 


3-389 

BDW64C 

BDX54C 


3-389 

BDW73D 

BDX33D 


3-389 

BDW74D 

BDX34D 


- 

BDW73 

BD895 


3-371 

BDW73A 

BD897 


3-371 

BDW73B 

BD899 


3-371 

B0W73C 

BD901 


3-371 

BDW74 

BD895 


3-373 

BDW74A 

BD898 


3.-373 

8DW74B 

BD900 


3-371 

B0W74C 

BD902 


3-373 

BDW83 

B0V65 


3-375 

BDW83A 

BDV65 


3-375 

BDW83B 

BDV65A 


3-375 

BDW83C 

BDV65B 


3-375 

BDW84 

BDV64 


3-375 

BDW84A 

BDV64 


3-375 


CM Consult Motorola if a direct replacement is necessary. 





ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

BDW84B 

BDV64A 


3-375 


BDY29 

2N5303 


3-96 

BDW84C 

BDV64B 


3-375 


B0Y34 

BD785 


3-355 

BDW93 

BDW39 


3-379 


BDY37 

2N3773 


3-52 

BDW93A 

BDW40 


3-379 


BDY80 

BD533 


3-345 

B0W93B 

BDW41 


3-379 


BDY81 

BD535 


3-345 

BDW93C 

BDW42 


3-379 


BDY82 

BD534 


3-345 

B0W94 

B0W44 




BDY83 

BD536 


3-345 

BDW94A 

BDW45 


j'o /y 


BDY93 

BU326A 


3-419 

BDW94B 

BDW46 




BDY93/01 

BU326A 


3-419 

BDW94C 

BDW47 




BDY94 

BU326A 


3-419 

BDX10 

2N3055A 


3-9 


B0Y94/01 

BU326A 


3-419 

BDX10-4 

2N3055A 


3-9 


BDY96 

BUS47 


3-455 

BDX10-6 

2N3055A 


3-9 


BDY96-1 

BUS47 


3-455 

BDX10-7 

2N3055A 


3-9 


BDY96/01 

BUS47 


3-455 

BDX10C 

2N3055A 


3-9 


BDY97 

BUS47 


3-455 

BDX18 

MJ2955 


3-6 


B0Y97-1 

BUS47 


3-455 

BDX33 

BDX33 


3-385 


BF380 

MPSU10 


3-1135 

BDX33A 

BDX33A 


3-385 


BF380-5 

MPSU10 


3-1135 

B0X33B 

BDX33B 


3-385 


BF381 

MPSU10 


3-1135 

BDX33C 

BDX33C 


3-385 


BF382 

MPSU10 


3-1135 

BDX33D 

BDX33D 




BF382-5 

MPSU10 


3-1135 

BDX34 

BDX34 


3-385 


BF415 

BF757 



BDX34A 

BDX34A 


3J85 


BF416 

BF760 


— 

B0X34B 

BDX34B 


3-385 


BF417 

MJE340 


3-990 

BDX34C 

BDX34C 


3-385 


BF418 

BF761 


— 

BDX34D 

BDX34D 




BF460-1 

BF460 


- 

BDX35 

MJE240 


3-986 


BF460-2 

BF460 


— 

BDX35 

TIP42C 


3-116? 


BF460-8 

BF460 


~ 

B0X36 

MJE240 


3-986 


BF461-1 

BF461 



BDX36 

TIP420 


3- 1162 


BF461-2 

BF461 



BDX37 

MJE240 


3-986 


BF461-5 

BF461 


- 

B0X37 

TIP42D 


3-1162 


BF461-8 

BF461 



BDX42 

BD775 


3-353 


BF462-1 

BF462 



BDX43 

B0777 


3-353 


BF462-2 

BF462 



B0X44 

BD779 


3-353 


BF462-8 

BF462 


' ~ 

BDX45 

B0776 


3-353 


BF463-1 

BF463 


_ 

BDX46 

BD778 


3-353 


BF463-2 

BF463 


_ 

BDX47 

BD779 


3-353 


BF463-5 

BF463 


_ 

BDX53 

B0X53 


3-389 


BF463-8 

BF463 


’ __ 

BDX53A 

BDX53A 


3-389 


BF464-1 

BF464 


- . 

BDX53B 

BDX53B 


3-389 


8F464-2 

BF464 


_ 

BDX53C 

BDX53C 


3-389 


BF464-5 

BF464 


_ . 

BDX53D 

BDX53D 




BF464-8 

BF464 


_ 

B0X54 

BDX54 


3-389 ^ 


BF465-1 

BF465 


_ 

BDX54A 

BDX54A 


3-389 1 


BF465-2 

BF465 


- 

BDX54B 

BDX54B 


3-389 i 


BF465-5 i 

BF465 



B0X54C 

BDX54C 


3-389 


BF465-8 

BF465 


_ 

BDX54D 

BDX54D 


— 


BF466 

BF466 


_ 

BOX70 


2N6487 

3-221 


BF466-1 

BF466 


_ 

BDX71 


2N6487 

3-221 


BF466-2 

BF466 


- 

BDX72 


2N6488 

3-221 


BF466-8 

BF466 



BDX73 


2N6488 

3-221 


BF467 

BF467 


_ ■ 

B0X74 


2N6486 

3-221 


BF467-1 

BF467 


_ 

BDX75 


2N6486 

3-221 1 


BF467-2 

BF467 


_ 

BDX77 

BD799 


3-363 i 


BF467-8 

BF467 


- 

BDX78 

BD800 j 


3-365 


BF468 

BF468 


_ 

BDX83 

MJ3000 1 


3-628 


BF468-1 

BF468 


— 

BDX83A 

MJ3000 


3-628 


BF468-2 

BF468 



B0X836 

MJ3001 


3-628 


BF468-8 

BF468 


— 

BDX83C 

MJ4035 


3-634 


BF469 

BF787 


- 

BDX84 

MJ2500 


3-628 i 


BF470 

BF790 


_ 

BDX84A 

MJ250d 


3-628 ' 


BF471 

BF788 


_ 

BDX84B 

MJ2501 


3-628 


BF472 

BF791 


— 

BDX84C 

MJ4032 


3-634 


BF615 

BF757 


— 

BDX91 

2N3715 


3-26 


BF616 

BF760 


- 

BDX92 

2N3791 


3-56 i 


BF617 

BF758 


_ 

BDX93 

2N3716 


3-26 


BF618 

BF761 


— 

BDX94 

2N3792 


3-56 


BF715 

BF787 


_ 

BDX95 


2N5882 

3-130 


BF716 

BF790 


' — 

BDX96 

2N588P 


3-130 


BF717 

BF758 


- 


1-22 




ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Pirt Number 

Motoroli 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

BF718 

BF761 


- 

BF757 

BF757 



BF757-1 

BF757 



BF757-2 

BF757 



BF757-5 

BF757 



BF757-8 

BF757 


— 

BF758 

BF758 



BF758-5 

BF758 



BF758-8 

BF759 

BF758 

BF759 


- 

BF759-1 

BF759 


- 

BF759-2 

BF759 


~ 

BF759-5 

BF759 


— 

BF759-8 

BF759 


~ 

BF760 

BF760 


~ 

BF760-2 

BF760 


— 

BF760-5 

BF760 


— 

BF760-8 

BF760 


_ 

BF761 

BF761 


— 

BF761-1 

BF761 


— 

BF761-5 

BF761 


— 

BF761-8 

BF761 


— 

BF762 

BF762 


— 

BF762-1 

BF762 


— 

BF762-2 

BF762 


— 

BF762-5 

BF762 


_ 

BF762-8 

BF762 


— 

BF787 

BF787 


— 

BF787-1 

BF787 


— 

BF788 

BF788 


— 

BF788-1 

BF788 


_ 

BF788-5 

BF788 


— 

BF789 

BF789 


— 

BF789-1 

BF789 


— 

BF789-5 

BF789 


— 

BF789-H 

BF789 


__ 

BF790 

BF790 


— 

BF790-1 

BF790 


— 

BF790-2 

BF790 


— 

BF790-5 

BF790 


— 

BF791 

BF791 


_ 

BF791-1 

BF791 


— 

BF791-5 

BF791 


— 

BF792 

BF792 


— 

BF792-1 

BF792 


— 

BF792-2 

BF792 


_ 

BF792-5 

BF792 


— 

BF857 

BF757 


— 

BF858 

BF757 


— 

BF859 

BF758 


— 

BF869 

BF787 


_ 

BF870 

BF790 


— 

BF871 

BF788 


— 

BF872 

BF791 


— 

BU104P 

BU406 


3-422 

BU105 

BU205 


3-394 

BU108 

BU208 


3-399 

BU109P 

BU407 


3-422 

BU124 

BU426 


3-424 

BU126 


2N6545 

3-235 

BU126 


BUS45P 

3-447 

BU126A 


BUS45P 

3-447 

BU134 

MJ423 


3-622 

BU137 

BUT16 


3-519 

BU157 

BUT16 


3-519 

BU180 


MJE5741 

3-1028 

BU180A 


MJE5742 

3-1028 

BU204 

BU205 


3-394 

BU205 

BU205 


3-394 

BU205A 

BU205 



3-394 


CM Consult Motorola if a direct replacement is necessary. 


industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacoment 

Page 

Number 

BU207 

BU208 


3-399 

BU208 

BU208 


3-399 

BU208A 

BU208A 


3-404 

BU208D 

BU208D 


3-409 

BU222 

BU326A 


3-419 

BU221A 

BU326A 


3-419 

BU223 

MJ431 


3-622 

BU223A 

MJ431 


3-622 

BU322 

BU323 


3-411 

BU322A 

BU323A 


3-311 

BU323 

BU323 


3-311 

BU323A 

BU323A 


3-311 

BU323P 

BU323P 


3-415 

BU326 


BUS45P 

3-419 

BU326A 


BUS45P 

3-419 

BU326S 

BU326A 


3-419 

BU406 

BU406 


3-422 

BU4060 

C.M, 


3-422 

BU406H 

CM, 


3-422 

BU407 

BU407 


3-422 

BU407 

C.M. 


3-422 

BU426 


BUS45P 

3-424 

BU426A 

BU426A 


3-424 

BU433 

BU426 


3-424 

BU500 

BU500 


3-428 

BU508 

BU508 


3-430 

BU508A 

BU508A 


3-430 

BU508AD 

BU508AD 


3-430 

BU508D 

BU508D 


3-430 

BU522 

BU522 


3-435 

BU522A 

BU522A 


3-435 

BU522B 

BU522B 


3-435 

BU806 

BU806 


3-438 

BU807 

BU807 


3-438 

BU808 

BU208 


3-399 

BUR50 

BUS50 


3-483 

BUR51 

BUS51 


3-485 

6UR52 

BUS52 


3-485 

BUS11 


BUS46P 

3-49 

BUS12 

BUS47 


3-455 

BUS12A 

BUS47A 


3-455 

BUS13 

BUS48 


3-469 

BUS13A 

BUS48A 


3-469 

BUSH 

BUS98 


3-494 

BUS14A 

BUS98A 


3-494 

BUS36 

BUS36 


3-440 

BUS37 

BUS37 


3-440 

BUS45P 

BUS45P 


3-447 

BUS46P 

BUS46P 


3-449 

BUS47 

BUS47 


3-455 

BUS47A 

BUS47A 


3-455 

BUS47AP 

BUS47AP 


3-462 

BUS47P 

BUS47P 


3-462 

BUS48 

BUS48 


3-469 

BUS48AP 

BUS48AP 


3-469 

BUS48P 

BUS48P 


3-476 

BUS50 

BUS50 


3-483 

BUS51 

BUS51 


3-485 

BUS52 

BUS52 


3-485 

BUS97 

BUS97 


3-487 

BUS97A 

BUS97A 


3-487 

BUS98 

BUS98 


3-494 

BUS98A 

BUS98A 


3-494 

BUT13 

BUT13 


3-501 

BUT14 

BUT14 


3-507 

BUT15 

BUT15 


3-513 

BUT16 

BUT16 


3-519 

8UT33 

BUT33 


3-525 

BUT34 

BUT34 


3-531 

BUT35 

BUT35 


3-537 

BUT36 

BUT36 


3-543 





ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

BUT50P 

BUT50P 


3-549 

BUT51P 

BUT51P 


3-551 

BUT90 

BUS50 


. 3:483 

BUT91 

BUS51 


.3-485 

BUT92 

BUS52 


3-485 

BUVIO 

BUVIO 



BUVION 

BUVION 


3-552 

BUVll 

BUVll 


'3-555 

BUVllN 

BUVllN 


3-558 

BUV12 

BUV12 


3-561 

BUV18 


BUS50 

3-483 

BUV19 


BUS50 

3-483 

BUV20 

BUV20 


3-564 

BUV21 

BUV21 


3-567 

BUV21N 

BUV21N 


3-570 

BUV22 

BUV22 


3-573 

BUV23 

BUV23 


3-576 

BUV24 

BUV98 


3-579 

BUV25 

BUS98A 


3-494 

BUV26 

BUV26 


— 

BUV27 

BUV27 


— 

BUV47 

BUS47P 


3-462 

BUV47A 

BUS47AP 


3-462 

BUV47B 

BUS47P 


3-462 

BUV48 

BUS48P 


3-476 

BUV48A 

BUS48AP 


3-469 

BUWll 

BUWll 


3-582 

BUWllA 

BUWllA 


3-582 

BUW12 

BUW12 


3-582 

BUW12A 

BUW12A 


3-582 

BUW24 

BU326A 


3-419 

BUW25 

BU326A 


3-419 

BUW26 

BU326A 


3-419 

BUW34 

BUS47 


3-455 

BUW35 

BUS47 


3-455 

BUW36 

BUS47A 


.3-455 

BUW44 

BUS48 


3-469 

BUW45 

BUS48 


3-469 

BUW46 

BUS48A 


■ — • 

BUW72 


BUS46P 

3-449 

BUW74 

BUS47 


3-455 

BUW75 

BUS47 


3-455 

BUW76 

BUS47 


3-455 

BUW77 

BUS47 


3-455 

BUW81 

MJ10014 


3-700 

BUW81A 

MJ10014 


3-700 

BUW84 

MJE13003 


3-1052 

BUW85 

MJE13003 


3-1052 

BUX13 

BUX13 


3-590 

BUX14 

BUS47 


3-455 

BUX14CECCF 

BUS47 


3-455 

BUX14CECCL 

BUS47 


3-455 

BUX15 

BUS47A 


3-455 

BUX15CECCF 

BUS47A 


3-455 

BUX15CECCL 

BUS47A 


3-455 

BUX16 

2N6543 


3-229 

BUX16A 

2N6543 


3-229 

BUX16B 

2N6543 


3-229 

BUX16C 

2N6543 


3-229 

BUX17 

BUS48 


3-469 

BUX17A 

BUS48 


3-469 

BUX17B 

BUS48 


3-469 

BUX17C 

BUS48 


3-469 

BUX18 

2N6544 


3-235 

BUX18A 

2N6544 


3-235 

BUX18B 

2N6545 


3-235 

BUX18C 

2N6545 


3-235 

BUX39 

BUX39 


3-593 

BUX40 

BUX40 


3-596 

BUX41 

BUX41 


3-599 

BUX41N 

BUX41N 


3-602 

BUX42 

BUX42 


3-605 

BUX43 

2N6308 


3-608 

BUX44 , 

BUS47 


3-455 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

BUX45 

BUS47A 


3455 ' 

BUX48 

2N6543 


3-229 

BUX47 

BUS47 


3-455 

BUX47A 

BUS47A 


3-455 

BUX48 

BUX48 

BUS48 

3-469 

BUX48A 

BUX48A 

BUS48A 

3-455 

BUX48S 

BUS48 


3-469 

BUX66 

2N6211 


3-171 

BUX66A 

2N6212 


3471 

BUX66B 

2N6212 


3-171 

BUX66C 

2N6213 


3-171 

BUX67 

2N3584 


3-20 

BUX67A 

2N3584 


3-20 

BUX67B 

2N3585 


3-20 

BUX67C 

2N4240 


3-20 

BUX80 

BUS47 

2N6547 

3-239 

BUX81 

BUS47A 

MJ13335 

3-834 

BUX82 

BU326A 

2N6545 

3-235 

BUX83 

BU326A 

2N6545 

3-235 

BUX84 


BUS45P 

3-447 

BUX84 


IVIJE13005 

3-611 

BUX85 

MJE13005 

MJE13005 

3-611 

BUX86 

MJE13003 

MJE 13003 

3-1052 

BUX87 

MJE13003 

MJE13003 

3-1052 

BUX97 

BU326A 


3-419 

BUX97A 

BU326A 


3-419 

BUX97B 

BU326A 


3-419 

BUX98 

BUS98 


3-494 

BUX98A 

BUS98A 


3-494 

BUY29 

MJ410 


3-620 

BUY30 

MJ411 


3-620 

BUY49P 

BUY49P 


, — . 

BUY69A 

BUS47A 


3-455 

BUY69B 

BUS47 


3-455 

BUY69C j 

2N6306 


3-194 

BUY70A 

BU326A 


3-419 

BUY70B 

BU326A 


,3-419, 

BUY70C 

BU326A 


3-419 

040C1 


MJE800 

,3-1002 

D40C2 


MJE800 

3-1002 

D40C4 


MJE800 

3-1002 

040C5 

' 

NIJE800 

3-1002 

D40D1 


MJE180 

3-978 

D40D2 


MJE 180 

3-978 

040D3 


MJE180 

3-978 

D40D4 


MJE181 

3-978 

D4005 


MJE181 

3-978 

D40D7 


MJE181 

3-978 

D40D8 


MJE181 

3-978 

D40D10 


MJE182 

3-978 

040D11 


MJE182 

3-978 

D40D13 


MJE182 

3-978 

D40D14 


MJE182 

3-978 

D40E1 


MJE180 

3-978 

D40E5 


MJE181 

, 3-978 

D40E7 I 


MJE182 

3-978 

D40K1 


MJE800 

3-1002 

D40K2 


MJE800 

3-1002 

040K3 


MJE800 

3-1002 

D40K4 


MJE800 

3-1002 

D40N1 


MJE340 

3-990 

040N2 


MJE340 

3-990, 

D40N3 


MJE340 

3-990 

D40N4 


MJE340 

3-990 

040P1 ^ 


MJE341 

3-992 

D40P3 I 


MJE344 

3-992 

D40P5 


MJE340 

3-990 

04101 


2N4918 

3-78 

04102 


2N4918 

3-78 

04104 


2N4919 1 

3-78 





ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

D41D5 


2N4919 

3-78 

D41D7 


2N4919 

3-78 

D41D8 


2N4919 

3-78 

D41D10 


2N4920 

3-78 

D41D11 


2N4920 

3-78 

041013 


2N4920 

3-78 

D41D14 


2N4920 

3-78 

D41E1 


2N4918 

3-78 

041 E5 


2N4919 

3-78 

041 E7 


2N4920 

3-78 

041 K1 


. MJE700 

3-1002 

041 K2 


MJE700 

3-1002 

041 K3 


MJE700 

3-1002 

041 K4 


MJE700 

3-1002 

042C1 


MJE180 

3-978 

D42C2 


MJE180 

3-978 

042C3 


MJE180 

3-978 

042C4 


MJE171 

3-978 

042C5 


MJE171 

3-978 

042C6 


MJE171 

3-978 

042C7 


MJE171 

3-978 

042C8 


MJE171 

3-978 

D42C9 


MJE171 

3-978 

043C1 


MJE180 

3-978 

043C2 


MJE180 

3-978 

043C3 


MJE180 

3-978 

043C4 


MJE171 

3-978 

043C5 


MJE171 

3-978 

043C6 


MJE171 

3-978 

043C7 


MJE171 

3-978 

D43C8 


MJE171 

3-978 

043C9 


MJE171 

3-978 

044C1 


044E3 

3-614 

044C2 


D44E3 

3-614 

D44C3 


044E3 

3-614 

D44C4 


044E3 

3-614 

044C5 


044E3 

3-614 

044C6 


044E3 

3-614 

044C7 


044E3 

3-614 

D44C8 


D44E3 

3-614 

D44C9 


044E3 

3-614 

044C10 


044E3 

3-614 

D44C11 


044E3 

3-614 

044C12 


044E3 

3-614 

04401 


2N6386 

3-213 

04402 


2N6386 

3-213 

04403 


2N6043 

3-146 

04404 


2N6043 

3-146 

04405 

1 

2N6044 

3-146 

04406 

■ 


2N6044 

3-146 

044E1 

044E1 


3-614 

044E2 

044E3 


3-614 

044E3 

D44E3 


3-614 

D44H1 

D44H5 


3-616 

D44H2 

044H5 


3-616 

044H4 

044H5 


3-616 

044H5 

044H5 


3-616 

044H7 

044H7 


3-616 

044H8 

044H8 


3-616 

D44H10 

D44H10 


3-616 

044H11 

044H11 


3-616 

044R1 


TIP47 

3-1170 

044R2 


TIP47 

3-1170 

044R3 


TIP48 

3-1170 

044R4 


TIP48 

3-1170 

044R5 


TIP47 

3-1170 

D44R6 


TIP48 

3-1170 

044TD3 


MJE 13070 

3-1180 

044TD4 


MJE13070 

3-1180 

044T05 


MJE13070 

3-1180 


Motorola 

Industry Direct 

Part Number Replacement 


D44TE3 


D44TE4 


044TE5 


D44VH1 

044VH1 

D44VH4 

044VH4 

044VH7 

D44VH7 

D44VH10 

D44VH10 

D45C1 


D45C2 


D45C3 


D45C4 


D45C5 


045C6 


D45C7 


D45C8 


D45C9 


045C10 


D45C11 


045C12 


D45E1 


D45E2 


D45E3 


D45H1 

045H1 

D45H2 

045H2 

D45H4 

D45H4 

D45H5 

D45H5 

D45H7 

045H7 

D45H8 

045H8 

D45H9 

045H9 

D45H10 

045H10 

D45H11 

D45H11 

D45H12 


D45VH1 

045VH1 

D45VH4 

045VH4 

D45VH7 

045VH10 

D45VH10 

045VH10 

056W1 


D56W2 


D56W3 


056W4 


064VE3 

MJ13080 

064VE4 

l\/IJ13080 

064VE5 

MJ13080 

D64VP3 

MJ13090 

D64VP4 

MJ13090 

D64VP5 

MJ13090 

064VS3 1 

MJ16016 

064VS4 

MJ16016 

D64VS5 

MJ16016 

DTS310 

2N6306 

0TS311 

2N6306 

DTS401 

2N3902 

DTS402 

2N3902 

0TS403 

2N6308 

0TS409 

2N6308 

0TS410 

MJ410 

0TS411 

MJ411 

DTS413 

MJ413 

DTS423 

MJ423 

DTS424 

2N6308 

0TS425 

2N6545 

0TS430 

2N6307 

0TS431 

MJ431 

DTS515 

2N6306 

DTS516 

2N6306 

DTS517 

2N6306 

DTS518 

2N6307 

OTS519 

2N6308 

0TS660 

2N6233 

0TS663 

2N6235 


Motorola 

Similar 

Replacement 

Page 

Number 

MJE13070 

MJE 13070 

MJE13070 

3-1080 

3-1080 

3-1080. 

3-618 

3-618 

MJE15029 

MJE15029 

MJE15029 

3-618 

3-618 

3-1086 

3-1086 

3-1086 

MJE 15029 

MJE15029 

MjE15029 

MJE15029 

MJE15029 

3-1086 
3-1086 
3-1086 
3-1086 
3-1086 , 

MJE15029 

MJE15029 

MJE 15029 

MJE 15029 

TIP125 

3-1086 

3-1086 

3-1086 

3-1086 

3-614 

TIP125 

TIP126 

3-614 

3-614 

3-616 

3-616 

3-616 


3-616 

3-616 

3-616 

3-616 

3-616 

D45H11 

3-616 

3-616 

3-618 

3-618 

3-618 

. 

BU208 

BU208 

BU208 

BU208 

3-618 

3-399 

3-399 

3-399 

3-399 


3-810 

3-810 

3-810 

3-816 

3-816 


3-816 

3-906 

3-906 

3-906 

3-194 


3-194 
, 3-60 
3-60 
3-194 
3-194 


3-620 

3-620 

3-622 

3-622 

3-194 


3-235 

3-194 

3-622 

3-194 

3-194 


3-194 

3-194 

3-194 

3-174 

3-174 


1 


1-25 





ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

bTS665 

2N6235 


3-174 

DTS701 

BU205 


3-394 

DTS702 

BU205 


3-394 

0TS712 

6U208 


3-399 

0TS714 

BU208 


3-399 

DTS801 

BU205 


3-394 

DTS802 

BU208 


3-399 

DTS804 

BU208 


3-399 

DTS812 

BU208 


3 399 

DTS814 

BU208 


3-399 

DTS1010 

2N6056 


3-157 

DTS1020 

MJ3001 


3-628 

0TS4010 

MJ3041 


3-632 

DTS4025 

MJ3041 


3-632 

DTS4026 

MJ10012 


3-696 

DTS4039 

MJ10000 


3-664 

DTS4040 

DTS4041 

MJ10000 

MJ10000 


3-664 

3-664 

3-664 

DTS4045 

MJ10000 


DTS4059 

MJ10000 


DTS4060 

MJ10001 


3-664 

3-664 

DTS4061 

MJ10000 


3-664 

DTS4065 

MJ10001 


3-664 

DTS4066 

MJ10000 


3-664 

DTS4067 

MJ10000 


3-664 

DTS4074 

MJ10004 


3-676 

DTS4075 

MJ10004 


3-676 

FT47 

TIP47 


3-1170 

FT48 

TIP48 


3-1170 

FT49 

TIP49 


3-1170 

FT50 

TIP50 


3-1170 

FT317 

MJE15028 


3-1086 

FT317A 

MJE15028 


3-1086 

FT317B 

MJE15030 


3-1086 

FT401 

2N3902 


3-60 

FT402 

2N3902 


3-60 

FT410 

MJ410 


3-620 

FT411 

MJ411 


3-620 

FT413 

MJ413 


3-622 

FT417 

MJE15029 


3-1086 

FT417A 

MJE15029 


3-1086 

FT417B 

MJE15031 


3-1086 

FT423 

MJ423 


3-622 

FT430 

2N6307 


3-194 

FT431 

MJ431 


3-622 

FT2955 

MJE2955T 


3-1018 

Fr3055 

MJE3055T 


3-1018 

6E5060 

MJ10000 


3-664 

6E5061 

MJ10000 


3-664 

GE5062 

MJ 10001 


3-664 

GE6060 

MJ10015 


3-706 

GE6061 

MJ10015 


3-706 

GE6062 

MJ10015 


3-706 

GE6251 

MJ10004 


3-676 

GE6252 

MJ10004 


3-676 

GE6253 

MJ10005 


3-676 

IR401 

2N3902 


3-60 

1R402 

2N3902 


3-60 

IR403 

2N6308 


3-194 

IR409 

2N6308 


3-194 

IR410 

MJ410 


3-620 

IR411 

MJ411 


3-620 

IR413 

MJ413 


3-622 

IR423 

MJ423 


3-622 

IR424 

2N6308 


3-194 

IR425 

2N6545 


3-235 

IR430 

2N6307 


3-194 

IR431 

MJ431 


3-622 

1R515 

2N6250 


3-177 

IR516 

2N6250 


3-177 

IR517 

2N6251 


3-177 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

1R518 

2N6546 


3-239 

IR519 

2N6547 


3-239 

IR640 

MJ3000 


3-fi28 

IR641 

MJ3001 


3-628 

IR642 

2N6578 


3-243 

IR645 

MJ2500 


3-628 

IR646 

MJ2501 


3-628 

IR647 

2N6052 


3-163. 

IR660 

MJ410 


^620 

IR663 

MJ423 


3-622 

IR665 

MJ 12003 


3-770 

IR701 

BU205 


3-394 

IR801 

BU205 


3-394 

IR802 

MJ802 


3-624 

IR900 

MJ900 


3-626 

IR901 

MJ901 


3-626 

IR1000 

MJ1000 


^626 

IR1001 

MJ1001 


3-626 

IR1010 

2N6056 


3-167 

IR1020 

MJ3001 


3-628 

IR2500 

MJ2500 


3-628 

1R2501 

MJ2501 


3-628 

1R3000 

MJ3000 


3-628 

IR3001 

MJ3001 


3-628 

IR3771 

2N3771 


3-48 

IR3772 

2N3772 


3-48 

IR3773 

2N3773 


3-52 

IR4039 

MJ10000 


3-664 

IR4040 

MJ10000 


3-664 

IR4041 

MJ10000 


3-664 

1R4045 

MJ10000 


3-664 

IR4050 

MJ10000 


3-664 

IR4055 

MJ 10000 


3-664 

IR4059 

MJ10000 


3-664 

IR4060 

MJ10001 


3-664 

IR4061 

MJ10000 


3-664 

IR4065 

MJ10001 


3-664 

IR4502 

MJ4502 


3-636 

IR5000 

MJ10000 


3-664 

IR5001 

MJ10000 


3-664 

IR5002 

MJ10001 


3-664 

IR5060 

MJ 10000 


3-664 

IR5061 

MJ10000 


3-664 

IR5062 

MJ10001 


3-664 

IR5252 


MJ10002 

3-670 

1R5261 

MJ10002 


3-670 

IR6000 

MJ10004 


3-676 

IR6001 

MJ10004 


3-676 

IR6002 

MJ10005 


3-676 

IR6060 

MJ10004 


3-676 

IR6061 

MJ10004 


3-676 

IR6062 

MJ10005 


3-676 

IR6251 

MJ10006 


3-682- 

IR6252 

MJ10007 


3-682 

IR6302 

2N5630 


3-112 

KDT410 


MJ410 

3-620 

KDT411 


MJ411 

3-620 

KDT413 


MJ413 

3-622 

KDT423 


MJ423 

3-622 

KDT430 


2N6307 

3-194 

KDT431 


MJ431 

3-622 

KDT515 


2N6306 

3-194 

K0T516 


2N6306 

3-194 

K0T517 


2N6306 

3-194 

KDT518 


2N6307 

3-194 

KDT519 


2N6308 

3-194 

KP3946 


2N6274 

3-181 

KP3948 


2N6274 

3-181 

MDS20 


2N5655 

3-116 

MDS21 


2N5656 

3-116 


1-26 





ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 



Motorola 

Motorola 


Industry 

Direct 

Similar 

Page 

Part Number 

Replacement 

Replacement 

Number 

MDS26 


MJE180 

3-978 

MDS27 


MJE181 

3-978 

MDS60 


MJE350 

3-994 

MDS73 


MJE171 

3-978 

MDS74 


MJE172 

3-978 

MDS75 


MJE253 

3-986 

MDS76 


MJE181 

3-978 

MDS77 


MJE171 

3-978 

MDS1678 


MJE181 

3-978 

MJ105 

BU205 


3-394 

MJ205 

BU205 


3-394 

MJ400 

MJ400 

2N3739 

3-37 

MJ410 

MJ410 


3-620 

MJ411 

MJ411 


3-620 

MJ413 

MJ413 


3-622 

MJ423 

MJ424 

MJ425 

MJ431 

MJ450 

MJ423 

MJ424 

MJ425 

MJ431 

2N6308 

2N6545 

2N5884 

3-622 

3-194 

3-235 

3-622 

3-134 

MJ480 

MJ481 

MJ490 

MJ491 

MJ701 


2N3055 

2N3055 

2N3789 

2N3789 

MJ 12002 

3-6 

3-6 

3-56 

3-56 

3-765 

MJ702 


MJ12002 

3-765 

MJ704 


MJ 12002 

3-765 

MJ721 


MJ12002 

3-765 

MJ723 


MJ12002 

3-765 

MJ802 

MJ802 


3-624 

MJ804 


MJ12004 

3-772 

MJ900 

MJ900 


3-626 

MJ901 

MJ901 


3-626 

MJ920 


2N6298 

3-157 

MJ921 


2N6299 

3-157 

MJ1000 

MJ1000 


3-626 

MJ1001 

MJ1001 


3-626 

MJ1200 


2N6300 

3-157 

MJ1201 


2N6301 

3-157 

MJ1800 


2N6308 

3-194 

MJ2249 


2N3766 

3-45 

MJ2250 

MJ2251 

MJ2250 

2N3767 

3-45 

3-37 

MJ2252 

MJ2253 

MJ2254 


2N3738* 

2N3739* 

2N3740* 

2N374r 

3-37 

3-41 

3-41 

MJ2267 

MJ2268 

MJ2300 

MJ2305 

MJ2500 

MJ2500 

MJ15016 

MJ2955 

MJE270 

MJE271 

3-9 

3-6 

3-^28 

MJ2501 

MJ2501 


3-628 

MJ2801 

MJ2802 

MJ2840 

MJ2841 


2N3055 

2N5881‘ 

2N5877 

2N5878 

3-6 

3-130 

3-127 

3-127 

MJ2901 

MJ2940 


MJ15016 

3-9 

3-127 

MJ2955 

MJ2955 

2N5875 

3-6 

MJ2955A 

MJ2955A 


3-9 

MJ3000 

MJ3000 

i 

3-628 

MJ3001 

MJ3001 


3-628 

MJ3029 

MJ3029 


3-630 

MJ3030 

2N6545 


3-235 

MJ3040 

IVIJ3041 


3-632 

MJ3041 

MJ3041 


3-632 

MJ3042 

MJ3042 


3-632 

MJ3055 

2N3055 


3-6 

MJ3055A 

2N3055A 


6-9 

MJ3237 

MJE15031 


3-1086 

MJ3238 

MJE15031 


3-1086 


‘Consult Motorola if a direct replacement is necessary. 

CM Consult Motorola if a direct replacement is necessary. 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

MJ3247 

MJE15030 


3-1086 

MJ3248 

MJE 15030 


3-1086 

MJ4030 

MJ4030 


3-634 

MJ4031 

MJ4031 


3-634 

MJ4032 

MJ4032 


3-634 

MJ4033 

MJ4033 


3-634 

MJ4034 

MJ4034 


3-634 

MJ4035 

MJ4035 


3-634 

MJ4237 

MJ15012 


3-850 

MJ4238 

MJ15012 


3-850 

MJ4247 

MJ15011 


3-850 

MJ4248 

MJ15011 


3-850 

IVIJ4360 


MJE 13002 

3-1052 

MJ4361 


MJE13003 

3-1052 

MJ4380 


MJE13004 

3-1058 

MJ4381 


MJE 13005 

3-1058 

MJ4400 


MJE13004 

3-1058 

MJ4401 


MJE 13005 

3-1058 

MJ4502 

MJ4502 


3-636 

MJ4645 

MJ4646 


3-638 

MJ4646 

MJ4646 


3-638 

MJ4647 

MJ4647 


3-638 

MJ6502 

MJ6503 


3-640 

MJ6503 

MJ6503 


3-640 

MJ6700 


2N6193 

3-168 

MJ8100 


2N6193 

3-168 

MJ8500 

MJ8501 


3-646 

MJ8501 

MJ8501 


3-646 

MJ8502 

MJ8502 


3-652 

MJ8503 

MJ8503 


3-652 

MJ8504 

MJ8504 


3-658 

MJ8505 

MJ8505 


3-658 

MJ10000 

MJ10000 


3-664 

MJ 10001 

MJ10001 


3-664 

MJ10002 

MJ10002 


3-670 

MJ10003 


MJ10002 

3-670 

MJ10004 

MJ10004 


3-676 

MJ 10005 

MJ10005 


3-676 

MJ10006 

MJ10006 


3-682 

MJ10007 

MJ10007 


3-682 

MJ10008 

MJ10008 



MJ10009 

MJ10009 


3-688 

MJ10011 

MJ10011 


3-688 

MJ10012 

MJ10012 


3-694 

MJ10013 

MJ10014 


3-696 




3-700 

MJ10014 

MJ10014 



MJ10015 

MJ10015 


3-700 

MJ10016 

MJ10016 


3-706 

MJ 10020 

MJ 10020 


3-706 

MJ10021 

MJ10021 


3-711 




3-711 

MJ10022 

MJ 10022 



MJ10023 

MJ10023 


3-717 

MJ10024 

MJ10024 


3-717 

MJ10025 

MJ10025 


3-723 

MJ10027 


C.M. 

3-723 

MJ10029 


C.M. 


MJ10041 


C.M. 

3-729 

MJ10042 


C.M. 

3-743 

MJ10044 


C.M. 

3-729 

MJ10045 


C.M. 

3-743 

MJ10047 


C.M. 

3-729 

MJ10048 


C.M. 

3-743 

MJ10050 


C.M. 


MJ10051 


C.M. 


MJ10052 


C.M. 


MJ10100 


C.M. 


MJ10101 


C.M. 


MJ10102 


C.M. 


MJ10200 


C.M. 


MJ10201 


cm! 



1-27 





ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

direct 

Replacement 

Motorola 

Similar 

Replacoment 

Page 

Number 

MJ10202 

MJ11011 

MJ11011 

C.M. 

3-757 

MJ11012 

MJ11012 


3-757 

MJ11013 

MJ11013 


3-757 

MJ11014 

MJ11014 


3-757 

MJ11015 

MJ11015 


3-757 

MJ11016 

MJ11016 


3-757 

MJ11017 

MJ11017 


3-759 

MJ11018 

MJ11018 


3-759 

MJ11019 

MJ11019 


3-759 

(VIJ11020 

MJ11020 


3-759 

MJ11021 

MJ11021 


3-759 

MJ11022 

MJ11022 


3-759 

MJ11028 

MJ11028 


3-763 

MJ11029 

MJ11029 


3-763 

MJ11030 

MJ11030 


3-763 

MJ11031 

MJ11031 


3-763 

MJ11032 

MJ11032 


3-763 

MJ11033 

MJ11033 


3-763 

MJ12002 

MJ12002 


3-765 

MJ12003 

MJ12003 


3-770 

MJ12004 

MJ12004 


3-772 

MJ12005 

MJ12005 


3-778 

MJ12005D 

MJ12005D 


3-780 ‘ 

MJ12010 

MJ12010 


3-786 

MJ12020 

MJ12020 


3-788 

MJ12021 

MJ12021 


3-788 

MJ 12022 

MJ12022 


3-788 

MJ13010 


2N6547 

3-239 

MJ13014 

MJ13014 


3-798 

MJ13015 

MJ13015 


3-798 

MJ13018 


MJ13330 

3-828 

MJ13019 


MJ 13331 

3-828 

MJ13070 

MJ13070 


3-804 

MJ13071 

MJ 13071 


3-804 

MJ13080 

MJ13080 


3-810 

MJ13081 

MJ13081 


3-810 

MJ13090 

MJ13090 


3-816 

MJ13091 

MJ 13091 

1 

3-816 

MJ13100 


MJ16016 

3-906 

MJ13101 


Mjl6016 

3-906 

MJ13330 

MJ13330 


3-828 

MJ1333i 

MJ13331 


3-828 

MJ13332 1 

MJ13333 


3-834 

MJ13333 

MJ13333 


3-834 

MJ13334 

MJ 13335 


3-834 

MJ13335 

MJ13335 


3-834 

MJ14000 

MJ14000 


3-840 

MJ14001 

MJ14001 


3-840 

MJ14002 

MJ 14002 


3-840 

MJ14003 

MJ 14003 


3-840 

MJ15001 1 

MJ 15001 


3-844 

MJ15002 

MJ 15002 


3-844 

MJ15003 

MJ15003 


3-847 

MJ 15004 

MJ15004 


3-847 

MJ15011 

MJ15011 


3-850 

MJ15012 

MJ15012 


3-850 

MJ15015 

MJ15015 


3-9 

MJ15016 

MJ15016 


3-9 

MJ15018 

MJ15018 


3-9 

MJ15019 

MJ15019 


3-9 

MJ15022 

Mjl5022 


3-852 

MJ 15023 

MJ15023 


3-855 

MJ15024 

MJ15024 


3-852 

MJ15025 

MJ15025 


3-855 

MJ15026 


MJ15024 

3-852 

MJ15027 


MJ15025 

3-855 

MJ16002 

MJ16002 


3-858 

MJ16002A 

MJ16002A 


3-866 

MJ16004 

MJ16004 


3-858 

MJ16006 

MJ16006 


3-874 

MJ16006A 

MJ16006A 


3-882 

MJ16008 

MJ 16008 


3-874 


CM Consult Motorola if a direct replacement is necessary. 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

MJ16010 

MJ16010 


3-890 

MJ16010A 

MJ16010A 


3-898 

MJ16012 

MJ16012 


3-890 

MJ16014 

MJ16014 


3-906 

MJ16016 

MJ 16016 


3-906 

MJ16018 

MJ16018 


3-914 

MJD29 

MjD29C 

MJD29 

MJD29C 


3-920 

MjD30 

MjD30 


3-920 

MJDSOC 

MJDSOC 


3-920 

MjD31 

MjE31 


3-920 

MJD31C 

MJD32C 


3-924 

3-924 

MJD32 

MJD32C 

MJD41C 

MjD32 

MJD32C 

MjD41C 


3-924 

3-924 

3-928 

3-928 

MjD42C 

MJD42C 


MjD44E3 

MJD44E3 


MjD44Hll 

MjD44Hll 


3-932 

MjD45E3 

MJD45E3 



Mj045Hll 

MJD45H11 


3-932 

MJD47 

MJD47 


3-9.36 

MJD50 

MJD50 


3-936 

MJD112 

MJD112 


3-940 

MJD117 

MJD117 


3-940 

MjD122 

MJD122 


3-946 

MjD127 

MjD127 


3-946 

MJD200 . 

MJD200 


3-952 

MJD210 

MJD210 


3-952 

MJD340 

MD340 


3-9% 

MJ0350 

MjD350 


3-956 

MJD2955 

MJD2955 


3-960 

MJD3055 

MjD3055 


3-960 

MJD6036 

MJD6036 


3-964 

MJD6039 

MjD13003 

MJD6039 

MJD13003 


3-964 

3-970 

MJE29 


TIP29 

3-1154 

MjE29A 


TIP29A 

3-1154 

MJE29B 


TIP29B 

3-1154 

MJE29C 


TIP29C 

3-1154 

MJE30 


TIP30 

3-1154 

MJE30A 


TIP30A 

3-1154 

MJE30B 


TIP30B 

3-1154 

MJE30C 


TIP30C 

3-1154 

MJE31 


TIP31 

3-1156 

MJE31A 

■’ 

TIP31A 

3-1156 

MJE31B 


TIP31B 

3-1156 

MJE31C 


TIP31C 

3-1156 

MJE32 


TIP32 

3-1156 

MJE32A 


TIP32A 

3-1156 

MJE32B 


TIP32B 

3-1156 

MJE32C 


TIP32C 

3-1156 

MJE33 


TIP41 

3-1166 

MJE33A 


TIP41A 

34166 

MJE33B 


T1P41B 

3-1166 

MJE33C 


TIP41C 

3-1166 

MJE34 


TIP42 

34166 

MJE34A 


TIP42A 

3-1166 

MJE34B 


TIP42B 

3-1166 

MJE34C 


TIP42C 

3-1166 

MJE41 1 


T1P41 

3-1166 

MJE41A 


TIP41A 

3-1166 

MJE41B 


TIP41B 

3-1166 

MJE41C 


TIP41C 

3-1166 

MJE42 


TIP42 

3-1166 

MJE42A 


TIP42A 

3-1166 

MJE42B 


TIP42B 

3-1166 

MJE42C 


TIP42C 

3-1166 

MJE47 


TIP47 

3-1170 

MJE48 


TIP48 

3-1170 

MJE49 


TIP49 

34170 

MJE51 


2N6497 

3-225 

MJE51T 


2N6497 

3-225 

MJE52 


2N6498 

3-225 

MJE52T 


2N6498 

3-225 





ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

MJESa 


MJE13005 

3-1058 

MJE53T 


MJE13005 

3-1058 

MJE101 


MJE2955 

3-1018 

MJE102 


MJE2955 

3-1018 

MJE103 


MJE2955 

3-1018 

MJE104 


MJE2955 

3-1018 

MJE105 

MJE105 


3-976 

MJE105K 


TIP42A 

3-1166 

MJE170 

MJE170 


3-978 

MJE171 

MJE171 


3-978 

MJE172 

MJE172 


3-978 

MJE180 

MJE180 



MJE181 

MJE181 



MJE182 

MJE182 



MJE200 

MJE200 


3-982 

MJE201 


MJE3055 

3-982 

MJE202 


MJE3055 

3-1018 

MJE203 


MJE3055 

3-1018 

MJE204 


MJE3055 

3-1018 

MJE205 


MJE3055 

3-1018 

MJE205K 


TIP41A 

3-1166 

MJE210 

MJE210 


3-982 

MJE220 


MJE181 

3-978 

MJE221 


MJE181 

3-978 

MJE222 


MJE181 

3-978 

MJE223 


MJE182 

3-978 

MJE224 


MJE182 

3-978 

MJE225 


MJE182 

3-978 

MJE230 


MJE171 

3-978 

MJE231, 


MJE171 

3-978 

MJE232 


MJE171 

3-978 

MJE233 


MJE172 

3-978 

MJE234 


MJE172 

3-978 

MJE235 


MJE172 

3-978 

MJE240 

MJE240 


3-986 

MJE241 

MJE241 


3-986 

MJE242 

MJE243 


3-986 

MJE243 

MJE243 


3-986 

MJE244 

MJE244 


3-986 

MJE250 

MJE250 


3-986 

MJE251 

MJE251 


3-986 

MJE252 

MJE253 


3-986 

MJE253 

MJE253 


3-986 

MJE254 


MJE253 

3-986 

MJE270 

MJE270 



MJE271 

MJE271 


— 

MJE340 

MJE340 


3-990 

MJE340K 


TIP48 

3-990 

MJE341 

MJE341 


3-992 

MJE341K 


TIP47 

3-992 

MJE344 

MJE344 


3-992 

MJE344K 


TIP47 

3-992 

MJE345 


MJE3439 

3-1022 

MJE350 

MJE350 . 


3-994 

MJE370 

MJE370 


3-996 

MJE370K 


TIP32 

3-1156 

MJE371 

MJE371 


3-998 

MJE371K 


TIP32 

3-1156 

MJE482 


2N5190 

3-88 

MJE483 


2N5191 

3-88 

MJE484 


2N5192 

3-88 

MJE488 


2N5191 

3-88 

MJE492 


2N5193 

3-92 

MJE493 


2N5194 

3-92 

MJE494 


2N5195 

3-92 

MJE520 

MJE520 


3-1000 

MJE520K 


TIP31 

3-1156 

MJE521 

MJE521 


' — 

MJE521K 


TIP31 

3-1156 



Motorola 

Motorola 


Industry 

Direct 

Similar 

Page 

Part Number 

Replacement 

Replacement 

Number 

MJE700 

MJE700 


3-1002 

MJE700T 

MJE700T 


3-1002 

MJE701 

MJE701 


3-1002 

MJE701T 


TIP125 

3-1181 

MJE702 

MJE702 


3-1002 

MJE702T 


TIP126 

3-1181 

MJE703 

IVIJE703 


3-1002 

MJE703T 


TIP126 

3-1181 

MJE710 


2N4918 

3-78 

MJE711 


2N4919 

3-78 

MJE712 


2N4920 

3-78 

MJE720 

MJE720 



MJE721 


2N4923 

3-82 

MJE722 


2N4923 

3-82 

MJE800 

MJE800 


3-1002 

IVIJE800T 

MJE800T 


3-1002 

MJE801 

MJE801 

TIP120 

3-1002 

MJE801T 


3-1181 

MJE802 

MJE802 

TIP121 

3-1002 

MJE802T 


3-1181 

MJE803 

MJE803 

TIP121 

3-1002 

MJE803T 


3-1181 

MJE1090 

MJE1090 



MJE1091 

MJE1093 


_ 

MJE1092 

MJE1092 


- 

MJE1093 

MJE1093 


_ 

MJE1100 

MJE1100 


— 

MJE1101 

MJE1101 


— 

MJE1102 

MJE1102 



MJE1103 

MJE1103 



l\/IJE1290 

MJE1291 

MJE1320 

MJE1320 

2N5988 

2N5988 

3-138 

3-138 

3-1006 

3,-1012 

MJE1660 

MJE1660 


MJE1661 

MJE1661 

TIP42 

3-1012 

MJE2010 

3-1166 

MJE2011 

MJE2020 

MJE2021 

MJE2050 

MJE2055 


TIP42A 

TIP41 

TIP41A 

MJE200 

MJE3055 

3-1166 

3-1166 

3-1166 

3-982 

3-1018 

MJE2090 

MJE2091 

MJE2092 

MJE2093 

MJE2100 


TIP125 

TIP125 

TIP126 

TIP126 

TIP120 

3-1181 

3-1181 

3-1181 

3-1181 

3-1181 

MJE2101 

MJE2102 

MJE2103 

MJE2150 

MJE2160 


TIP120 

TIP121 

TIP121 

MJE210 

TIP48 

3-1181 

3-1181 

3-1181 

3-982 

3-1170 

MJE2360 


MJE2360T 

3-1014 

3-1014 

3-1014 

3-1014 

,3-1156 

MJE2360T 

MJE2361 

MJE2360T 

MJE2361T 

MJE2361T 

MJE2370 

MJE2361T 

TIP32 

MJE2371 

MJE2480 

MJE2481 

MJE2482 

MJE2483 


TIP32A 

TIP31 

TIP31A 

2N6121 

2N6122 

3-1156 

3-1156 

3-1156 

3-164 

3-164 

MJE2490 

MJE2491 

MJE2520 

MJE2521 

MJE2522 


TIP32 

TIP32A 

TIP31 

TIP31A 

TIP31 

3-1156 

3-1156 

3-1156 

3-1156 

3-1156 

MJE2523 


TIP31A 

3-1156 

3-1016 

3-1016 

3-1016 

3-1016 

MJE2801 

MJE2801K 

MJE2801T 

MJE2801 

MJE2801T 

MJE2801T 

MJE2901 

MJE2901 



1-29 





ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacemont 

Page 

Number 

MJE2'901K 


MJE2955T 

3-1018 

MJE2901T 


MJE2955T 

3-1018 

MJE2955 

MJE2955 


3-1018 

MJE2955K 


MJE2955T 

3-1018 

MJE2955T 

MJE2955T 


3-1018 

MJE3055 

MJE3055 


3-1018 

MJE3055K 


MJE3055T 

3-1018 

MJE3055T 

MJE3055T 


3-1018 

MJE3300 


2N6037 

3-1020 

MJE3301 


2N6039 

3-1020 

VIJE3302 


2N6039 

3-142 

MJE3310 


2N6034 

3-142 

MJE3311 


2N6035 

3-142 

MJE3312 


2N6036 

3442 

MJE3370 


MJE370 

3-996 

MJE3371 


2N5193 

3-92 

MJE3439 

MJE3439 


3-1022 

MJE3440 

MJE3440 


3-1022 

MJE3520 


MJE520 

3-1000 

MJE3521 


2N5190 

3-88 

MJE3738 


TIP47 

3-1170 

MJE3739 


TIP48 

3-1170 

MJE4340 

MJE4340 


3-1024 

MJE4341 

MJE4341 


3-1024 

MJE4342 

MJE4342 


3-1024 

MJE4343 

MJE4343 


3-1024 

MJE4350 

MJE4350 


3-1024 

MJE4351 

MJE4351 


3-1024 

MJE4352 

MJE4352 


3-1024 

MJE4353 

MJE4353 


3-1024 

MjE4918 


TIP30 

3-1154 

MJE4919 


TIP30A 

3-1154 

MJE4920 


TIP3GB 

: 3-1154 

MJE4921 


TIP29 

3-1154 

MJE4922 


TIP29A 

; ,3-1154 

MJE4923 


TIP29B 

3-1154 

MJE5170 


MJE15031 

3-1086 

MJE5171 


MJE15031 

3-1086 

MJE5172 


MJE15031 

3-1086 

MJE5180 


MJE15030 

3-1086 

MJE5181 


MJE15030 

3-1086 

MJE5182 


MJE15030 

3-1086 

MJE5190 


2N6121 

, 3 -164 

MJE5191 


2N6122 

3-164 

MJE5192 


2N6123 

3-164 

MJE5193 


2N6124 

3-164 

MJE5194 


2N6125 

3-164 

MJE5195 


TIP32C 

3-1156 

MJE5655 


TIP47 

3-1170 

MJE5656 


TIP48 

3-1170 

MJE5657 


TIP49 

3-1170 

MJE5730 


MJE5850 

3-1032 

MJE5731 


MJE5850 

3-1032 

MJE5732 


MJE5850 

3-1032 

MJE5740 . 

MJE5740 


34028 

MJE5741 

MJE574r 


3-1028 

MJE5742 

MJE5742 


3-1028 

MJE5850 

MJE5850 


3-1032 

MJE5851 

MJE5851, 


3-1032 

MJE5852 

MJE5852 


3-1032 

MJE5960 


2N6489 

3-221 

MJE5974 


TIP42 

3-1166 

MJE5975 


TIP42A 

3-1166 

MJE5976 


TIP42B 

3-1166 

MJE5977 


TIP41 

3-1166 

MJE5978 


TIP41A 

3-1166 

MJE5979 


TIP41B 

3-1166 

MJE5980 


2N6489 

3-221 

MJE5981 


2N6490 

3-221 

MJE5982 


2N6491 

3-221 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

MJE5983 


2N6486 

3-221 

MJE5984 


2N6487 

3-221 

MJE5985 


2N6488 

3-221 

MJE6040 

MJE6040 


3-146 

MJE6041 

. MJE6041 


3-146 

MJE6042 


MJE6041 

3-146 

MJE6043 

MJE6043 


3-146 

MJE6044 

MJE6044 


.3-146 

MJE6045 

MJE6045 


3-146 

IVIJE8500 

MJE8500 


3-1038 

MJE8501 

MJE8502 

MJE8501 

MJE8502 


3-1038 

3-1044 

MJE8503 

MJE8503 


MJE10011 

MJE10011 


3-1044 

MJE12007 

MJE12007 



MJE13002 

MJE13003 

MJE13002 

MJE13003 


3-1050 

3-1052 

3-1052 

MJE13004 

MJE13004 


MJE13005 

MJE13005 


3-1058 

3-1058 

3-1064 

MJE13006 

MJE13006 


MJE13007 

MJE13007 


.3-infi4 

MJE13008 

MJE13008 


3-1072 

MJE13009 

MJE13009 


3-1072 

MJE13070 

IVIJE13071 

MJE13070 

MJE13071 


3-1080 

3-1080 

MJE15028 

MJE15028 


3-1086 

MJE15029 

MJE15029 


3-1080 

MJE15030 

MJE1,5030 


l4086 

MJE15031 

MJE15031 


3-1086 

MJE16002 

MJE16002 


3-1090 

MJE 16004 

MJE16004 


3-1090 

MJE16032 

MJE16032 


3-1098 

MJE 16034 

MJE16034 


3-1008 

MjE16080 

MJE16080 


3-1 1 00 

MjE16081 

MJE16081 


3-1106 

MJH6282 

MJH6282 


3-1113 

MJH6283 

MJH6283 


3-1113 

MJH6284 

MJH6284 


3-1113 

MjH6285 

MJH6285 


3-1113 

MJH6286 

MJH6286 


34113 

MJH6287 

MJH6287 


3-1113 

MJH6676 

MJH6677 

MJH6678 

MJH6676 

MJH6677 

MJH6678 


3-250 
3-250 . 
3-250 

MJH11017 

MJH11017 


3-1117 

MJH11018 

MJH11018 


3-1117 

MJH11019 

MJH11019 


3-1117 

MJH11020 

MJH11020 


3-1117 

MJH 11021 

MJH11021 


34117 

MJH 11022 

MJH11022 


3-1117 

MJH 12004 

MJH12004 


3.-772 

MJH 13090 

MJH13090 


3-816 

MJH13091 

MJH13091 


3-816 

MJH 16002 

MJH16002 


3-1090 

MJH16002A 

MJH16062A 


3-866 

MJH 16004 

MJH16004 


3-1090 

MJH16006 

MJH 16006 


3-874 

MJH16006A 

MJH16006A 


3-882 

MJH 16008 

MJH 16008 


3-874 

MJH16010 

MJH16010 


3-890 

MJH16010A 

MJH16010A 


3-898 

MJH16012 

MJH 160 12 


3-890 

MJH16018 

MJH16018 


3-914 

MJH16032 

MJH16032 


3-1098 

MJH 16034 

MJHI6034 


3-1098 

MPSUOl 

MPSUOl 


3-1123 

MPSUOIA 

MPSUOIA 


3-1123 

MPSU02 

MPSU02 


3.-1125 

MPSU03 

MPSU03 


3-1127 

MPSU04 

MPSU04 


3-1127 

MPSU05 

MPSU05 


3-1131 

MPSU06 

MPSU06 


3-1131 

MPSU07 

MPSU07 


3-1133 

MPSU10 

MPSU10 


3-1135 


‘Consult Motorola if a direct replacement is necessary. 




ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

NSP586 


TIP30A 

3-1154 

NSP587 


TIP29A 

3-1154 

NSP588 


T1P30A 

3-1154 

NSP589 


TIP29B 

3-1154 

NSP590 


TIP30B 

3-1154 

NSP595 


TIP31A 

3-1156 

NSP596 


TIP32A 

3-1156 

NSP597 


TIP31A 

3-1156 

MSP598 


TIP32A 

3-1156 

NSP599 


TIP31B 

3-1156 

NSP600 


TIP32B 

3-1156 

NSP695 


TIP120 

3-1181 

NSP695A 


TIP100 

3-1178 

NSP696 


TIP125 

3-1181 

NSP696A 


TIP105^ 

3-1174 

NSP697 


TIP120 

3-1181 

NSP697A 


TIP100 

3-1178 

. NSP698 


TIP125 

3-1181 

NSP698A 


TIP105 

3-1174 

NSP699 


TIP121 

3-1181 

NSP699A 


TIP101 

3-1174 

NSP700 


TIP126 

3-1181 

NSP700A 


TIP106 

3-1174 

NSP701 


TIP122 

3-1181 

NSP702 


TIP127 

3-1181 

NSP2010 


TIP42 

3-1166 

NSP2011 


TIP42A 

3-1166 

NSP2021 


TIP41A 

3-1166 

NSP2090 


TIP125 

3-1181 

NSP2091 


TIP125 

3-1181 

NSP2092 


T1P126 

3-1181 

NSP2093 


TIP126 

3-1181 

NSP2100 


TIP120 

3-1181 

NSP2101 


TIP120 

3-1181 

NSP2102 


TIP121 

3-1181 

NSP2103 


TIP121 

3-1181 

NSP2370 


TIP32 

3-1156 

NSP2480 


TIP31 

3-1156 

NSP2481 


TIP31A 

3-1156 

NSP2490 


TIP32 

3-1156 

N,SP2491 


TIP32A 

3-1156 

NSP2520 


TIP31 

3-1156 

NSP2955 


MJE2955T 

3-1018 

NSP3054 


TIP31A 

3-1156 

NSP3055 


MJE3055T 

3-1018 

NSP4918 


TIP30 

3-1154 

NSP4919 


TIP30A 

3-1154 

NSP4920 


TIP30B 

3-1154 

NSP4921 


TIP29 

3-1154 

NSP4922 


TIP29A 

3-1154 

NSP4923 


TIP29B 

3-1154 

NSP5190 


2N6121 

3-164 

NSP5191 


2N6122 

3-164 

NSP5192 


2N6123 

3-164 

NSP5193 


2N6124 

3-164 

NSP5194 


2N6125 

3-164 

NSP5195 


TIP32C 

3-1156 

NSP5974 


TIP42 

■ 3-1166 

NSP5975 


TIP42A 

3-1166 

NSP5976 


TIP42B 

3-1166 

NSP5977 


TIP41 

3-1166 

NSP5978 


TIP41A 

3-1166 

NSP5979 


TIP41B 

3-1166 

NSP5980 


2N6489 

3-221 

NSP5981 


2N6490 

3-221 

NSP5982 


2N6491 

3-221 

NSP5983 


2N6486 

3-221 

NSP5984 


2N6487 

3-221 

NSP5985 


2N6488 

3-221 

PM26K380 


MJ13015 

3-798 

PM27K380 


2N6543 

3-229 

PMD10K-40 


2N6057 

3-153 

PMD10K-60 


2N6057 

3-153 

PM010K-80 I 


2N6058 

, 3-153 

PMD10K-100 1 


2N6059 

3-153 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

MPSU11 


MPSU10 

3-1135 

MPSU12 


MPSU45 

3-1138 

MPSU31 


MPSU06 

3-1138 

MPSU45 

MPSU45 


3-1138 

MPSU47 


MPSU06 

3-1131 

MPSU51 

MPSU51 


3-1141 

MPSU51A 

MPSU51A 


3-1141 

MPSU52 

MPSU52 


3-1143 

MPSU55 

MPSU55 


3-1145 

MPSU56 

MPSU56 


3-1145 

MPSU57 

MPSU57 


3-1147 

MPSU60 

MPSU60 


3-1149 

MPSU95 

MPSU95 


3-1151 

NSD102 


2N4923 

3-82 

NSD103 


2N4923 

3-82 

NSD104 


2N4923 

3-82 

NSD105 


2N4923 

3-82 

NSD106 


2N4923 

3-82 

NSD131 


MJE340 

3-990 

NS0132 


MJE340 

3-990 

NSD133 


MJE340 

3-990 

NSD134 


MJE340 

3-990 

NSD135 


MJE340 

3-990 

NSD151 


MJE800 

3-1002 

NSD152 


MJE800 

3-1002 

NSD202 


2N4919 

3-78- 

NSD203 


2N4919 

. 3-78 

NSD204 


2N4919 

3-78 

NSD205 


2N4919 

3-78 

NSD206 


2N4919 

3-78 

NSD3439 


MJE3439 

3-1022 

NSD3440 


MJE3440 

3-1022 

NSDU01 


MPSU01 

3-1123 

NSDU01A 


MPSU01A 

3-1123 

NSDU05 


MPSU05 

3-1131 

NSDU06 


MPSUOe 

3-1131 

NS0U07 


MPSU07 

3-1133 

NSDU45 


MPSU45 

3-1138 

NSDU51 


MPSU51 

3-1141 

NSDU51A 


MPSU51A 

3-1141 

NSDU55 


MPSU55 

3-1145 

NSDU56 


MPSU56 

3-1145 

NSDU57 


MPSU57 

3-1145 

NSE170 


MJE170 


NSE171 


MJE171 

— 

NSE180 


MJE180 

- 

NSE181 i 


MJE181 

— 

NSP41 


TIP41 

3-1166 

NSP41A 


TIP41A 

3-1166 

NSP41B 


TIP41B 

3-1166 

NSP41C 


TIP41C 

3-1166 

NSP42 


TIP42 

3-1166 

NSP42A 


TIP42A 

3-1166 

NSP42B 


TIP42B 

. 3-1166 

NSP42C 


TIP42C 

3-1166 

NSP105 


TIP42A 

3-1166 

NSP205 


TIP41A 

3-1166 

NSP370 


TIP32 

3-1156 

NSP371 


TIP32 

3-1156 

NSP520 


TIP31 

3-1156 

NSP521 


TIP31 

3-1156 

NSP575 


TIP29A 

3-1154 

NSP576 


TIP30A 

3-1154 

NSP577 


TIP29A 

3-1154 

NSP578 


TIP30A 

3-1154 

NSP579 


TIP29B 

3-1154 

NSP580 


TIP30B 

3-1154 

NSP581 


TIP29C 

3-1154 

NSP582 


TIP30C 

3-1154 

NSP585 


TIP29A 

3-1154 


1-31 





ALPHANUMERIC INDEX -- CROSS-REFERENCE (continued) 


Industry 

Part Humber 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

PMD1 IK-40 

PMOI IK-60 
PWD11K-80 

PMD1 IK-100 
PMD12K-40 

PMD12K-60 

PMD12K-80 

PMD12K-100 

PMD13K-40 

PM013K-60 

PMD13K-80 

PMD13K-100 

PMD16K-40 

PMD16K-60 

PMD16K-80 

pkoiBK.lOO 

PM017K-40 

PMD17K-60 

PMD17K-80 

PMD17K-100 

PMD20K-120 

PMD25K-120 

PMD1600K 

PM0T601K 

PMD1602K 

PMD1603K 

RMD1700K 

PMD1701K 

PMD1702K 

PIVID1703K 

RCA 1801 

RCA1B04 

RCA1B05 

RCA1B06 

RCAIBOO 

RCA1C03 

RCA1C04 

RCA1C05 

RCA1C06 

RCA1C07 

RCA1C08 

RCA1C09 

RCA1C10 

RCA1C11 

RCA1C12 

RCA1C13 

RCA1C14 

RCA1C15 

RCA1C16 

RCA1E02 

RCA1E03 

RCA29 

RCA29A 

RCA29B 

RCA29C 

RCA30 
, RCA30A 

RCA30B 

RCA30C 

RCA31 1 

RCA31A 

RCA31B 

RCA31C 

RCA32 

RCA32A 

RCA32B 

RCA32C 

RCA41 

RCA41A 

RCA41B 

RCA41C 

RCA42 

RCA42A 

RCA42B 

RCA42C 


2N6050 

2N6050 

2N6051 

2N6052 

MJ1000 

MJIOOO 

MJ1001 

2N6059 

MJ900 

MJ900 

MJ901 

2N6052 

2N6282 

2N6282 

2N6283 

2N6284 

2N6285 

2N6284 

2N6286 

2N6287 

2N6578 

2N6578 

2N6282 

2N6282 

2N6283 

2N6284 

2N6285 

2N6285 

2N6286 

2N6287 

2N5878 

MJ15022 

MJ15024 

MJ15003 

MJ15024 

MJE15028 

MJE15029 

TIP41A 

TIP42C 

MJE3055T 

MJE2955T 

MJE3055T 

2N6292 

2N6107 

MJE15028 

MJE15029 

2N6290 

2N6388 

2N6668 

2N3583 

2N6420 

TIP29 

TIP29A 

TIP29B 

TIP29C 

TIP30 

T1P30A 

TIP30B 

TIP30C 

T1P31 

T1P31A 

TIP31B 

TIP31C 

TIP32 

TIP32A 

TIP32B 

TIP32C 

TIP41 

TIP41A 

TIP41B 

tlP41C 

TIP42 

TIP42A 

TIP42B 

TIP42C 

3-153 

3-153 

3-153 

3.153 

3-626 

3-626 

3-626 

3-153 

3-626 

3-626 

3-626 

3-153 

3-185 

3-185 

3-185 

3-185 

3-185 

3-185 

3-185 

3-185 

3-243 

3-243 

3-185 

3-185 

3-185 

3-185 

3-185 

3-185 

3-185 

3-185 

3-127 

3-852 

3-852 

3-847 

3-852 

3-1086 

3-1086 

3-1166 

3-1166 

3-1018 

3-1018 

3-1018 

3-161 

3-161 

3-1086 

3-1086 

3-1018 

3-213 

3-246 

3-20 

3-20 

3-1154 

3-1154 

3-1154 

3-1154 

3-1154 

3-1154 

3-1154 

3-1154 

3-1156 

3-1156 

3-1156 

3-1156 

3-1156 

3-1156 

3-1156 

3-1156 

3-1166 

3-1166 

3-1166 

3-1166 
. 3-1166 
3-1166 
3-1166 
3-1166 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

r— 

Page 

Number 

RCA120 


TIP120 

3-1181 

RCA121 


TIP121 

3-1181 

RCA122 


TIP122 

3-1181 

RCA125 


TIP125 

3-1181 

RCA126 


TIP126 

3-1181 

RCA410 


MJ410 

3-620 

RCA411 


MJ411 

3-620 

RCA413 


MJ413 

3-622 

RCA423 


MJ423 

3-622 

RCA431 


MJ431 

3-622 

RCA1000 


MJ1000 

3-626 

RCA1001 


MJ1001 

3-626 

RCA3054 


2N6122 

3-164 

RCA3055 


2N6487 

3-221 

RCA3441 

' 

MJE15030 

3-1086 

RCA6263 


MJE15030 

3-1086 

RCA8203 


TIP105 

3-1174 

RCA8203A 


2N6667 

3-246 

RCA8203B 


2N6668 

. 3-246 

RCA8350 


2N6648 

3-209; 

RCA8350A 


2N6054 

3-157 

RCA8350B 


2N6054 

3-157 

RCA8766 


MJ 10002 

3-670 

RGA8766A 


MJ 10002 

3-670. 

RCA8766B 


MJ 10002 

3-844 

RCA8766C 


MJ 15002 

3-844 

RCA8766D 


MJ 15002 

3-844 

RCA8766E 


MJ15002 

3-844 

RCA8767 


2N6546 

3-239 

RCA8767A 


2N6547 

3-239 

RCA8767B 


2N6547 

3-239 

RCA9113 


2N6546 

3-239 

RCA9113A 


2N6547 

3-239 

RCA9113B 


2N6547.. 

3-239 

RCP111A 


MJE340, 

3-990 

RCP111B 


MJE340 

3-990 

RCP111C 


MJE340 

3-990 

RCP111D 


MJE340 

3-990 

RCP113A 


MJE340 

3-990 

RCP113B 


MJE340 

, 3-990 

RCP113C 


MJE340 

3-.990 

RCP113D 


MJE340 

3-990 

RCP115 


MJE341 

3-992 

RCP115B 


MJE340 

3-990 

RCP117 


MJE341 

3-992 

RCP117B 


MJE340 

3-990 ^ 

RCP131A 


MJE344 

3-992 

RCP131B 


MJE344 

3-992 

RCP131C 


MJE340 

3-990 

RCP131D 


MJE340 

3-990 

RCP133A 


MJE344 

3-992 

RCP133B 


MJE344 

3-992 

RCP133C 


MJE340 

3-990 

RCP133D 


MJE340 

3-990 

RCP135 


2N4923 

3-82 

RCP135B 


MJE340 

3-990 

RGP137 


2N4923 

3-82 

RCP137B 


MJE340 

3-990 

RCS579 


2N6306 

3-194 

RCS617 


2N5882 

3-130 

RCS618 


2N5880 

3-130 

SDM6000 


MJ10012 

3-696 

SOM6001 


MJ10012 

3-696 

SDM6002 


MJ10012 

3-696 

SDM6003 


MJ10012 

3-696 

SDM20301 


MJ4033 

3-634 

SDM20302 


MJ4033 

3-634 

SDM20303 


MJ4034 

3-634 

SDM20304 


MJ4035 

3-634 

SDM20311 


MJ4033 

3-634 

SDM20312 


MJ4033 

3-634 

SDM20313 


MJ4034 

3-634 

SDM20314 


MJ4035 

3-634 

SDM20321 


MJ4033 

3-634 

SDM20322 


MJ4033 

3-634 


1-32 




ALPHANUMERIC INDEX — CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

SDM20323 


MJ4034 

3-634 

SDM20324 


MJ4035 

3 634 

SDM21301 


MJ4030 

3-634 

SDM21302 


MJ4030 

3-634 

SDM21303 


MJ4031 

3-634 

SDM21304 


MJ4032 

3-634 

SDM21311 


MJ4030 

3-634 

SDVi21312 


MJ4030 

3-634 

SDM21313 


MJ4031 

3-364 

SDM21314 


MJ4032 

3-364 

SDN1010 


2N6056 

3-157 

SDN1020 


MJ3001 

3-628 

SDN4040 


MJ 10000 

3-664 

S0N4045 


MJ10000 

3-664 

SDN6000 


MJ 10000 

3-664 

SDN6001 


MJ10000 

3-664 

SDN6002 


MJ10001 

3-664 

SDN6060 


MJ 10000 

3-664 

SDN6061 


MJ 10000 

3-664 

SDN6062 


MJ 10000 

3-664 

SDN6251 


MJ 10002 

3-670 

SDN6552 


MJ10002 

3-670 

SDN6253 


MJ 10002 

3-670 

SDT7A01 


2N5428 

3-108 

SDT7A02 


2N5428 

3-108 

SDT7A03 


2N5428 

3-108 

SDT7A08 


2N5428 

3-108 

SDT7A09 


2N5428 

3-108 

SDT401 


2N6543 

3-229 

SDT402 


2N6543 

3-229 

SDT410 


MJ410 

3-620 

SDT411 


MJ411 

3-620 

SDT413 


MJ413 

3-622 

SDT423 


MJ423 

3-622 

SDT424 


2N6308 

3-194 

SDT425 


2N6545 

3-235 

SDT430 


2N6307 

3-194 

SDT431 


MJ431 

3-622 

SDT520 


2N6306 

3-194 

SDT521 


2N6306 

3-194 

SDT522 


2N6306 

3-194 

SDT525 


2N6306 

3-194 

SDT526 


2N6306 

3-194 

SDT527 


2N6306 

3-194 

SDT530 


2N6306 

3-194 

SDT531 


2N6306 

3-194 

SDT532 


2N6306 

3-194 

SDT535 


2N6306 

3-194 

SDT536 


2N6307 

3-194 

SDT537 


2N6307 

3-194 

SDT540 


2N6307 

3-194 

SDT541 


2N6307 

3-194 

SDT542 


2N6307 

3-194 

SDT545 


2N6308 

3-194 

SDT546 


2N6308 

3-194 

SDT547 


2N6308 

3-194 

SDT550 


2N6308 

3-194 

SDT551 


2N6308 

3-194 

S0T552 


2N6308 

3-194 

SDT707 


2N5428 

3-108 

SDT1050 


2N6308 

3-194 

SDT1051 


2N6308 

3-194 

SDT1052 


2N6543 

3-229 

SDT1053 


2N6543 

3-229 

SDT1054 


2N6543 

3-229 

SDT1055 


2N6308 

3-194 

SDT1056 


2N3902 

3-60 

SDT1057 


2N6545 

3-235 

SDT1058 


2N6545 

3-235 

SDT1059 


2N6545 j 

3-235 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

SDT1060 


2N6308 

3-194 

SDT1061 


2N3902 

3-60 

SDT1062 


2N6545 

3-235 

SDT1063 


2N6545 

3-235 

SDT1064 


2N6545 

3-235 

SDT1301 


2N6235 

3-174 

8011302 


2N6235 

3-174 

SDT1303 


2N6235 

3-174 

SDT1304 


2N6235 

3-174 

SDT3125 


2N6190 

3-168 

S0T3126 


2N6190 

3-168 

SDT3321 


2N6193 

3-168 

SDT3322 


2N6193 

3-168 

SDT3323 


2N6190 

3-168 

SDT3324 


2N6193 

3-168 

SDT3325 


2N6193 

3-168 

SDT3326 


2N6193 

3-168 

SDT3327 


2N6190 

3-168 

SDT3328 


2N6193 

3-168 

SDT3401 


2N5339 

3-100 

SDT3402 


2N5339 

3-100 

SDT3403 


2N5339 

3-100 

SDT3404 


2N 5339 

3-100 

SDT3405 


2N5339 

3-100 

SDT3406 


2N5339 

3-100 

SDT3407 


2N5339 

3-100 

SDT3408 


2N5339 

3-100 

SDT3421 


2N5337 

3-100 

SDT3422 


2N5337 

3-100 

SDT3423 


2N5336 

3-100 

SDT3424 


2N5338 

3-100 

SDT3425 


2N5337 

3-100 

SDT3426 


2N5337 

3-100 

SDT3427 


2N5336 

3-100 

SDT3428 


2N5338 

3-100 

SDT3501 


2N3719 

3-32 

SDT3502 


2N3720 

3-32 

SDT3503 


2N6303 

3-32 

SDT3504 


2N6193 

3-168 

SDT3505 


2N3867 

3-32 

SDT3506 


2N3868 

3-32 

SDT3507 


2N6303 

3-32 

SDT3508 


2N6193 

3-168 

SDT3775 


2N3867 

3-32 

SDT3776 


2N3868 

3-32 

S0T3777 


2N6303 

3-32 

SDT3778 


2N3867 

3-32 

SDT4451 


2N5337 

3-100 

SDT4452 


2N5336 

3-100 

SDT4453 


2N5337 

3-100 

SDT4454 


2N5336 

3-100 

SDT4455 


2N5337 

3-100 

SDT4456 


2N5337 

3-100 

SDT4483 


2N5337 

3-100 

SDT4901 


2N3583 

3-20 

SDT4902 


2N6233 

3-174 

S0T4903 


2N6235 

3-174 

SDT4904 


2N3585 

3-20 

SDT4905 


2N3585 

3-20 

SDT5101 


TIP41A 

3-1166 

SDT5102 


TIP41A 

3-1166 

SDT5103 


TIP41A 

3-1166 

SDT5111 


TIP42A 

3-1166 

SDT5112 


TIP42A 

3-1166 

SDT5113 


TIP42A 

3-1166 

SDT5501 


2N5337 

3-100 

SDT5502 


2N5337 

3-100 

SDT5503 


2N5337 

3-100 

SDT5504 


2N 5539 

3-100 

SDT5506 


2N5337 

3-100 


1-33 





ALPHANUMERIC INDEX -- CROSS-REFERENCE (continued) 


Industry 

Part Number 

Motorola 

Direct 

Roplacomont 

Motorola 

Similar 

Roplacomont 

Page 

Number 

SDT5507 


2N5337 

3-100 

SDT5508 


2N5336 

3-100 

SDT5509 


2N5338 

3-100 

SDT5511 


2N5337 

3-100 

SDT5512 


2N5337 

3-100 

SDT5513 


2N5337 

3-100 

SDT5514 


2N5339 

3-100 

SDT5901 


2N3766 

3-44 

SDT5902 


2N3766 

3-44 

SDT5903 


2N3767 

3-44 

SDT5904 


2N3584 

3-20 

SDT5905 


2N3584 

3-44 

SDT5906 


2N3766 

3-44 

SDT5907 


2N3766 

3-44 

SDT5908 


2N3767 

3-44 

SDT5909 


2N3584 

3-20 

SDT5910 


2N3584 

3-20 

SDT5911 


2N5428 

3-108 

SDT5912 


2N5428 

3-108 

SDT5913 


2N5428 

3-108 

SDT5914 


2N5429 

3-108 

SDT5951 


2N3584 

3-20 

SDT5952 


2N3583 

3-20 

SDT5953 


2N3584 

3-20 

SDT5954 


2N3584 

3-20 

SDT5955 


2N3583 

3-20 

SDT5956 


2N3584 

3-20 

SDT6308 


2N5339 

3-100 

SDT6309 


2N5339 

3-100 

SDT6310 


2N5339 

3-100 

SDT6311 


2N5339 

3-100 

SDT6312 


2N5339 

3-100 

SDT6313 


2N5339 

3-100 

S0T6314 


2N5339 

3-100 

SDT6315 


2N5339 

3-100 

SDT6316 


2N5339 

3-100 

SDT6408 


2N5339 

3-100 

SDT6409 


2N5339 

3-100 

SOT6410 


2N5339 

3-100 

SDT6411 


2N5339 

3-100 

SDT6412 


2N5339 

3-100 

SDT6413 


2N5339 

3-100 

SDT6414 


2N5339 

3-100 

SDT6415 


2N5339 

3-100 

S0T6416 


2N5339 

3-100 

SDT6901 


2N3584 

3-20 

SDT6902 


2N3584 

3-20 

SDT6903 


2N3584 

3-20 

SDT6904 


2N3584 

3-20 

SDT7201 


2N6306 

3-194 

SDT7202 


2N6306 

3-194 

SDT7203 


2N6306 

3-194 

SDT7204 


2N6307 

3-194 

SDT7205 


2N6308 

3-202 

SDT7206 


2N6341 


SDT7207 


2N6306 

3-194 

SDT7208 


2N6306 

3-194 

SDT7209 


2N6307 

3-194 

SDT7603 


2N6338 

3-202 

SDT7604 


2N6339 

3-202 

SDT7605 


2N6341 

3-202 

SDT7609 


2N6338 

3-202 

SDT7610 


2N6339 

3-202 

SDT7611 


2N6341 

3-202 

SDT7612 


2N6249 

3-177 

SDT7731 


2N5881 

3-130 

SDT7732 


2N5881 

3-130 

SDT7733 


2N5882 

3-130 

SDT7734 


2N5629 

3-112 

SDT7735 


2N5630 

3-112 


CM Consult Motorola if a diiect replacement is necessary. 


Industry 

Part Number 

Motorola 

Diroct 

Roplacomont 

Motorola 

Similar 

Roplacomont 

Page 

Number 

SDT7736 


2N5631 

3-112: 

SDT9201 


2N3055 

3-6 

SDT9202 


2N5878 

3-127 

SDT9203 


2N5882 

3-130 

SDT9204 


MJ15001 

3-844 

SDT9205 


2N3055 

3-6 

SDT9206 


2N3055 

3-6 

SDT9207 


2N5878 

3-127 

SDT9208 


2N5882 

3-130 

SDT9209 


MJ15001 

3-844 

SDT9210 


2N3055 

3-6 

SDT9301 


2N3054A 

3-2 

SDT9302 


2N3054A 

3-2 

SDT9303 


2N4233A 

3-64 

SDT9304 


2N3054A 

3-2 

SDT9305 


2N3054A 

3-2 

SDT9306 


2N4233A 

3-64 

SDT9307 


2N3714 

3-26 

SDT9308 


2N3715 

3-26 

SDT9309 


2N3716 

3-26 

SDT9701 


2N5303 

3-96 

SDT9702 


2N5629 

3-112 

SDT9703 


2N5630 

3-112 

SDT9704 


2N5882 

3-130 

SDT9705 


2N5629 

3-112 

SDT9706 


2N5630 

3-112 

SDT9707 


2N3055 

3-6 

SDT12301 


2N5339 

3-100 

S0T12302 


2N5339 

3-100 

SDT12303 


2N5339 

3-100 

SDT12305 


2N5339 

3-100 

SDT12306 


2N5339 

3-100 

SDT12307 


2N5339 

3-100 

SDT13301 


2N6546 

3-239 

S0T13302 


2N6547 

3-239 

SDT13303 


2N6547 

3-239 

SDT13304 


MJ13335 

3-834 

SDT13305 

C.M, 

MJ13335 

3-834 

SDTB01 


2N5339 

3-100 

SDTB02 


2N5339 

3-100 

SOTB03 


2N5339 

3-100 

SDTB05 


2N5339 

3-100 

SDTB06 


2N5339 

3-100 

SDTB07 


2N5339 

3-100 

SE9300 

SE9300 


3-100 

SE9301 

SE9301 



SE9302 

SE9302 



SE9303 


MJ1000 

3-626 

SE9304 


MJ1001 

3-626 

SE9306 


MJ4032 

3-634 

SE9307 


MJ4034 

3-634 

SE9308 


MJ4035 

3-37 

SE9331 


2N3739 

— 

SE9400 

SE9400 


_ 

SE9401 

SE9401 


- 

SE9402 

SE9402 


- 

SE9403 


MJ900 

3-626 

SE9404 


MJ901 

3-626 

SE9406 


MJ4030 

3-634 

SE9407 


MJ4031 

3-634 

SE9408 


MJ4032 

3-634 

SV7056 


MJE340 

3-990 

SVT100-5C 


2N5882 

3-130 

SVT200-5C 


2N6306 

3-194 

SVT200-10 


2N6306 

3-194 

SVT200-10C 


MJ15022 

3-852 

SVT250-3C 


2N6308 

3-194 

SVT250-5 


2N6308 

3-194 

SVT250-5C 


2N6306 

3-194 

SVT250-10 


2N6306 

3-194 
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Motorola 


Motorola 


Industry 
Part Number 


Direct 

Replacement 


Similar Page 

Replacement Number 


SVT250-10C 

SVT300-X 

SVT300-5 

SVT300-5C 

SVT300-10 


MJ15024 

2N6307 

2N6543 

2N6307 

2N6307 


3-852 

3-194 

3-229 

3-194 

3-194 


SVT300-10C 

SVT350-3 

SVT350-X 

SVT350-5 

SVT350-5C 


MJ13090 

2N6545 

2N6308 

2N6308 

MJ13080 


3-816 

3-235 

3-194 

3-194 

3-810 


SVT350-12 

SVT400-3 

SVT400-3C 

SVT40a-5 

SVT400-5C 


2N6547 

2N6545 

2N6543 

2N6543 

2N6545 


3-239 

3-235 

3-229 

3-229 

3-235 


SVT400-12 

SVT450-3 

SVT450-3C 

SVT450-5 

SVT450-5C 


MJ13090 
2N6545 
MJ 13335 
2N6543 
MJ 13080 


3-816 

3-235 

3-834 

3-229 

3-810 


SVT6000 

SVT6001 

SVT6002 

SVT6060 

SVT6061 


MJ10004 

MJ10004 

MJ10005 

MJ10004 

MJ10004 


3-676 

3-676 

3-676 

3-676 

3-676 


SVT6062 

SVT6251 

SVT6252 

SVT6253 

SVT6546 


MJ 10005 
MJ10006 
MJ 10006 
MJ10007 
MJ 13090 


3-676 

3-682 

3-682 

3-682 

3-816 


SVT6547 

SVT7520 

SVT7521 

SVT7522 

SVT7523 


MJ13090 
2N6543 
2N6543 
MJ 13335 
2N6308 


3-816 

3-229 

3-229 

3-834 

3-194 


SVT7524 

SVT7525 

SVT7530 

SVT7531 

SVT7532 

SVT7533 

SVT7534 

SVT7535 

SVT7540 

SVT7541 

SVT7542 


2N6543 
MJ 13335 
MJ13081 
MJ 13080 
MJ16004 
MJ 13080 
MJ 13080 
MJ 16004 
MJ16008 
MJ16008 
MJ16008 


3-229 

3-834 

3-810 

3-810 

3-858 

3-810 

3-810 

3-858 

3-874 

3-874 

3-874 


SVT7543 

SVT7544 

SVT7545 

SVT7550 

SVT7551 


MJ13080 

MJ13080 

MJ16008 

MJ13091 

MJ16010 


3-810 

3-810 

3-874 

3-816 

3-890 


SVT7552 

SVT7553 

SVT7554 

SVT7555 

SVT7560 


MJ16010 

MJ13090 

MJ13091 

MJ16010 

MJ13091 


3-890 

3-816 

3-816 

3-890 

3-816 


SVT7561 

SVT7563 

SVT7564 

SVT7565 

SVT7570 


MJ16012 

MJ13090 

MJ13090 

MJ13090 

MJ13091 


3-890 

3-816 

3-816 

3-816 

3-816 


SVT7571 

SVT7573 

SVT7574 

SVT7575 

TIP29 


TIP29 


MJ16012 

MJ13090 

MJ13090 

MJ16012 


3-890 

3-816 

3-816 

3-890 

3-1154 


TIP29A 

TIP29B 

TIP29C 

TIP29D 

TIP29E 


TIP29A 

T1P29B 

TIP29C 


MJE15030 

MJE15030 


3-1154 

3-1154 

3-1154 

3-1086 

3-1086 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

TIP29F 


MJE15030 

3-1086 

TIP30 

TIP30 


3-1154 

TIP30A 

TIP30A 


3-1154 

TIP30B 

TIP30B 


I 3-1154 

TIP30C 

TIP30C 


3-1154 

TIP30D 



3-1086 

TIP30E 


MJE 15031 

! 3-1086 

TIP30F 


MJE15031 

3-1086 

TIP31 

TIP31 

MJE 15031 

3-1156 

TIP31A 

TIP31A 


3-1156 

TIP31B 

TIP31B 


3-1156 

TIP31C 

TIP31C 


3-1156 

TIP31D 



3-1086 

TIP31E 


MJE15030 

3-1086 

TIP31F 


MJE15030 

3-1086 



MJE 15030 


TIP32 

TIP32 


3-1156 

TIP32A 

TIP32A 


3-1156 

TIP32B 

TIP32B 


3-1156 

TIP32C 

TIP32C 


3-1156 

TIP32D 



3-1186 



MJE15031 


TIP32E 



3-1086 

TIP32F 


MJE15031 

3-1086 

TIP33 

TIP33 

MJE15031 

3-1160 

TIP33A 

TIP33A 


3-1160 

TIP33B 

TIP33B 


3-1160 

TIP33C 

TIP33C 


3-1160 

TIP34 

TIP34 


3-1160 

TIP34A 

TIP34A 


3-1160 

TIP34B 

TIP34B 


3-1160 

TIP34C 

TIP34C 


3-1160 

TIP35 

TIP35 


3-1162 

TIP35A 

TIP35A 


3-1162 

TIP35B 

TIP35B 


3-1162 

TIP35C 

TIP35C 


3-1162 

TIP35D 




TIP35E 




TIP35F 




TIP36 

TIP36 


3-1162 

TIP36A 

TIP36A 


3-1162 

TIP36B 

TIP36B 


3-1162 

TIP36C 

TIP36C 


3-1162 

TIP36D 




TIP36E 

* 



TIP36F 

. 



TIP41 

TIP41 


3-1166 

TIP41A 

T1P41A 


3-1166 

TIP41B 

TIP41B 


3-1166 

TIP41C 

TIP41C 


3-1166 

TIP41D 


MJE15031 

3-1086 

TIP41E 


MJE15031 

3-1086 

TIP41F 


MJE15031 

3-1086 

TIP42 

TIP42 


3-1166 

TIP42A 

TIP42A 


3-1166 

TIP42B 

TIP42B 


3-1166 

TIP42C 

TIP42C 


3-1166 

TIP42D 

TIP42D 


_ 

TIP42E 

TIP42E 


— 

TIP42F 

TIP42F 


— 

TIP47 

TIP47 


3-1170 

TIP48 

TIP48 


3-1170 

TIP49 

TIP49 


3-1170 

TIP50 

TIP50 


3-1170 

TIP61 

TIP61 


— 

TIP61A 


TIP29C 

3-1154 

TIP61B 


TIP29C 

3-1154 

TIP61C 


TIP29C 

3-1154 

TIP62 


TIP32C 

3-1156 

TIP62A 


TIP32C 

3-1156 

TIP62B 


TIP32B 

3-1156 

TIP62C 


TIP32C 

3-1156 


’Consult Motorola if a direct replacement is necessary. 
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Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

TIP63 V 

TIP47 


3-1170 

TIP64 

TIP48 


3-1170 

TIP73 


2N6486 

3-221 

^ TIP73A 


2N6487 

3-221 

TIP73B 


2N6488,: 

3-221 

TIP74 


2N6489 

3-221 

TIP74A 


2N6490 

3-221 

TIP74B 


2N6491 

3-221 

TIP75 


MJE13005 

3-1058 

TIP75A 


IVIJE13004 

3-1058 

TIP75B 


MJE13004 

3-1058 

TIP75C 


MJE13005 

3-1058 

TIP100 

TIP100 


3-1174 

TIP101 

TIP101 


3-1174 

TIP102 

TIP102 


3-1174 

TIP105 

TIPI 05 


3-1174 

TIP106 

TIP106 


3-1174 

TIP107 

TIP107 


3-T174 

TIP110 

TIP110 


3-1178 

TIP111 

TIP111 


3-1178 

TIP112 

TIP112 


3-1178 

TIP115 

TIP115 


-3-1178 

TIP116 

- TIP116 


3-1178 

TIP117 

TIP117 


3-1178 

TIP120 

TIP120 


3-1181 

TIP121 

TIP121 


3-1181 

TIP122 

TIP122 


3-1181 

TIP125 

TIP125 


3-1181 

TIP126 

TIP126 


3-1181 

TIP127 

TIP127 


3-1181 

TIP140 

TIP140 


3-1185 

TIP140T 

TIP141 

TIP100 

3.1174 

TIP141 

3-1185 

TIP141T 

TIP142 

TIP102 

3-1174 

TIP142 

3-1185 

T1P142T 

TIP145 

TIP103 

3-1174 

TIP145 

3-1185 

TIP145T 

TIP146 

TIP105 

3-1174 

TIP146 

3-1185 

TIP146T 


TIP106 

3-1174 

TIP147 

TIP147 


3-1185 , 

T1P147T 


TIP107 

3-1174 

TIPI 50 


MJE13006 

3-1064 

TIP151 


MJE13007 i 

3-1064 

TIP152 


MJE13007 

3-1064 

TIP160 


MJE5740 

3-1028 

TIP161 


MJE5741 

3-1028 

T1P162 


MJE5742 

3-1028 

TIP510 


MJ15018 

— 

T1P511 


MJ15018 

— 

TIP512 


MJ15018 

_ 

TIP513 


MJ15012 

3-850 

TIP514 


MJE15030 

3-1086 

TIP517 


2N6339 

3-202 

TIP518 


2N6341 

3-202 

TIP519 


MJ15019 

- 

TIP520 


MJ15019 


TIP521 


2N6211 

3-171 

TIP522 


2N6211 

3-171 

TIP523 


MJ15012 

3-850 

TIP524 


2N6497 

3-225 

TIP525 


MJ 15011 

3-850 

TIP526 


MJ15011 

3-850 

TIP527 


MJ15012 

3-850 

TIP528 


MJ15012 

3-850 

TIP536 


MJ16006 

3-874 

TIP545 


MJ15016 

3-9 

TIP546 


MJ15016 

3-9 

TIP550 


MJ12002 

3-765 

TIP551 


MJ12003 

3-770 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page 

Number 

TIP552 


MJ12004 

3-772 

TIP553 


MJ12004 

3-772 

TIP554 


MJ 13080 

3-810 

TIP555 


MJ13080 

3-810 

TIP556 


MJ13080 

3.810 

TIP558 


MJ16006 

3-874 

TIP559 


MJ16006 

3-874 

TIP560 


MJ16006 

3-874 

TIP562 


MJ16012 

3-890 

TIP563 


MJ16012 

3-890 

TIP564 


MJ11018 

3-759 

T1P565 


MJ10009 

3-688 

TIP575 


MJ13080 

3-810 

TIP575A 


MJ13080 

3-810 

TIP575B 


MJ13080 

3-810 

TIP575C 


MJ13080 

3-810 

TIP600 


TIP100 

3-1174 

TIP601 


TIP101 

3-1174 

TIP602 


TIP102 

3-1174 

TIP605 


TIP105 

3-1174 

TIP606 


TIP106 

3-1174 

TIP607 


TIP107 

3-1174 

TIP620 


TIP120 

3-1181 

TIP621 


TIP121 

3-1181 

TIP622 


TIP122 

3-1181 

TIP625 

TIPfipR 


TIP125 

3-1181 

TIP627 


TIP126 

3-1181 

TIP640 


TIP127 

3-1181 

TIP641 


2N6384 

2N6385 

3-209 

3-209 

TIP645 

TIP646 


2N6054 

3-157 

TIP660 


2N6650 

3-157 

TIP661 


MJ10002 

3-670 

TIP662 


MJ10002 

IVIJ10002 

3-670 

3-670 

TIP663 

TIP664 


MJIOOOl 

3-664 

TIP665 


MJ10008 

3-688 

TIP666 


MJ10009 

3-688 

T1P667 


MJ10002 

MJ10002 

3-670 

3-670 

TIP668 

TIP701 


IVIJ10014 

3-700 

TIP702 


MJ13080 

3-810 

T1P2955 


MJ13081 

3-810 

TIP3055 


MJE2955T 

MJE3055T 

3-1189 

3-1189 

TIPL751 

TIPL751A 


MJ13070 

3-804 

TiPL752 


MJ13071 

3-804 

TIPL752A 


MJ13080 

3-810 

TIPL753 


MJ13080 

MJ13080 

3-810 

3-810 

TIPL753A 



3-810 

TIPL755 


MJ13080 

TIPL755A 


MJ13090 

3-816 

TIPL757 


MJ13091 

3-816 

TIPL757A 


MJ16016 

MJ16016 

3-906 

3.906 

TIPL760 

T1PL760A 


MJE13070 

3-804 

TIPL774 


MJE13071 

3-804 

TIPL775 


MJ10009 

3-688 

TIPL775A 


MJ11018 

MJ11020 

3-759 

3-759 

UMT1008 



3-798 

UMT1009 


MJ13014 

UMT1203 


MJ13015 

3-798 

UMT1204 


MJE13004 

3-1058 

WT5100 


MJE13005 

MJ13015 

3-1058 

3-798 

WT5200 


2N6547 

3-239 
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Selector Guide 

The selector guides on the subsequent 
pages offer a quick “first-selection” capa- 
bility for devices that fit specific applications 
categories. 

Because designers have different appli- 
cation prerequisite, the devices are catego- 
rized in three ways: 


2 


1. by package 

2. by major product category 

3. by major applications 

In each case, pertinent electricai charac- 
teristics are supplied to permit rapid com- 
parison of potentially suitable devices. 



Selection By Package 


Motorola power transistors are available in a wide variety of metal 
and plastic packages to match thermal, electrical and cost require- 
ments. The following table compares the basic packages from the 
standpoint of current, voltage and power capabilities. TheTdevices 
available in the various packages are tabulated on the succeeding 
pages. 


1 

Package 

•c 

Range 

(Amps) 

VcE 

Range 

(Volts) 

, 

Pd 

(Watts) 

■ ' ' ■ 'v;. 

Page 


TO-204AA 
(TO-3) 
Case 1 
Case 11 

2 . 5-30 

40-1500 

36-250 

— 

2-3 

TO-204AE 

T~r Case 197 

2 . 5-70 

40-1500 

36-350 

2-3 


TO-205AA 
Case 31 
(TO-5) 

3.0 

40-800 

6.0 

2-8 


TO-205AD 
(TO-39) 
Case 79 

0 . 5 - 5.0 

40-400 

5 . 0-10 

2-8 


TO-213AA 
(TO-66) 
Case 80 

1 . 0-10 

40-325 

. 

20-90 

2-9 


DPAK 

Case 369-03 

0 . 5-10 

40-400 

12 . 5-20 

2-18 


DPAK 

Case 369A-04 

0 . 5-10 

40-400 

12 . 5-20 

2-18 


TO-218AC 
Case 340 

5 . 0-25 

40-1500 

80-150 

2-10 


TO-220AB 
Case 221A 

0 . 5-15 

30-1800 

15-125 

2-12 


TO-225AA 
TYPE 
Case 77 

0 . 3 - 5.0 

25-400 

12 . 5-40 

2-15 


TO-225AB 
Case 90 

5 . 0-15 

40-100 

65-100 

lAl 


Case 152 

0 . 5 - 2.0 

30-300 

10 

2-M 


Case 353 

25-100 

250-850 

250 

2-18 


2-2 



Bipolar Power Transistors 


TABLE 1 — METAL TO-204AA (Formerly TO-3) — TO-204AE (Type) 



STYLE 1 : 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 

CASE 11-01, 11-3 — 40 mil pins 
CASE 1-04, 1-05 — 40 mil pins 
MODIFIED TO-3 
CASE 197-01 — 60 mil pins 


IcCont 

Amps 

Max 

VcEO(sus) 

Volts 

Min 

Device Type 

hpE 

Min/Max 

@ ic 

Amp 

Resistive Switching 

fr 

MHz 

Min 

Pd (Case) 
Watts 
@ 25°C 

ts 

flS 

Max 

tf 

flS 

Max 

@ Ic 

Amp 

NPN 

PNP 

2.5 

800 

MJ8501 


7.5 min 

0.5 

4 

2 

1 


125 


1500* 

BU205 


2 min 


2 

0.75 typ 

2 

4 typ 

36 



MJ12002 


1.11 min 

2 


1 

2 

4 typ 

75 

3.5 

325 

2N3902 


30/90 

1 

1.2 typ 

0.1 typ 

1 

2.8 

100 

4 

1500* 

MJ12003 


2.5 min 

3 


1 

3 


100 

5 

200 

MJ410 


30/90 

1 




2.5 

100 


250 

MJ3029 


30 min 

0.4 


1 

3 


125 


300 

MJ411 


30/90 

1 




2.5 

100 


400 

2N6543 


7/35 

3 

4 

0.8 

3 

6 

100 



MJ13070 


8 min 

3 

1.5 

0.5 

3 


125 


450 

MJ13071 


8 min 

3 

1.5 

0.5 

3 


125 



MJ16002 


5 min 

5 

3 

0.3 

3 


125 



MJ16004 


7 min 

5 

2.7 

0.35 

3 


125 



2N6834 


10/30 

3 

2.7 

0.35 

3 

15 

125 


500 

MJ16002A 


5 min 

5 

3 

0.3 

3 


125 


700 

MJ8502 


7.5 min 

1 

4 

2 

2.5 


150 


800 

MJ85b3 


7.5 min 

1 

4 

2 

2.5 


150 


850* 

MJ12020 


5 min 

5 


0.13 typ 

3 

15 

125 


1500* 

BU208 


2.25 min 

4.5 


0.6 typ 

4.5 

4 typ 

60 



BU208A 


2.25 min 

4.5 

8 typ 

0.4 typ 

4.5 

4 typ 

90 



BU208Dt 


I 2.25 min 

4.5 


0.6 typ 

4.5 

4 typ 

60 



MJ12004 


2.5 min 

4.5 


1 

4.5 

4 

100 

6 

100 

2N5758 

2N6226 

25/100 

3 

0.7 typ 

0.5 typ 

3 

1 

150 


120 

2N5759 

2N6227 

20/80 

3 

0.7 typ 

0.5 typ 

3 

1 

150 


140 

2N5760 

2N6228 

15/60 

3 

0.7 typ 

0.5 typ 

3 

1 1 

150 


# |hfel ((t 1 MHz, ## Darlington (continued) 

*V(BR)CEX or V(br)CES 

t D Suffix on this device signifies internal C-E Diode 
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TABLE 1 — METAL TO-204AA — TO-204AE (Type) (continued) 


IcCont 

Amps 

Max 

VCEO(sus) 

Volts 

Min 

Device Type 

Min/Max 

@ ic 

Amp 

Resistive Switching 

Ft 

MHz 

Min 

Pp (Case) 
Watts 
@ 25°C 

ts 

flS 

Max 

tf 

flS 

Max 

@ Ic 

Amp 

NPN 

PNP 

6 

375 

BU326 


30 typ 

0.6 

3.5 

1** 

2.5 

6 

90 


400 

BU326A 


30 typ 

0.6 

3.5 

1** 

2.5 

6 

90 

7 

300 

MJ3041## 


250 min 

2.5 





175 


350 

MJ3042## 


250 min 

2.5 





175 

7.5 

60 

2N3447 


40/120 

5 

2 

0.35 

5 

10 

115 


80 

2N3448 


40/120 

5 

2 

0.35 

5 

10 

115 

8 

60 

MJ1000## 

MJ900## 

Ik min 

3 





90 



2N6055## 

2N6053## 

750/1 8k 

4 

1.5 typ 

1.5 typ 

4 

4# 

100 


80 

MJ1001## 

MJ901## 

Ik min 

3 





90 



2N6056## 

2N6054## 

750/1 8k 

4 

1.5 typ 

1.5 typ 

4 

4# 

100 


250 

2N6306 


15/75 

3 

1.6 

0.4 

3 

5 

125 


300 

2N6307 


15/75 

3 

1.6 

0.4 

3 

5 

125 


350 

2N6308 


12/60 

3 

1.6 

0.4 

5 

5 

125 


400 

2N6545 


7/35 

5 

4 

1 

5 

6 

125 




MJ6503 

15 min 

2 

2 

0.5 

4 


125 



MJ13080 


8 min 

5 

1.5 

0.5 

5 


150 


450 

MJ13081 


8 min 

5 

1.5 

0.5 

5 


150 



MJ16006 


5 min 

8 

2.5 

0.25 

5 


150 



MJ16008 


7 min 

8 

2.2 

0.25 

5 


150 



2N6835 


10/30 

5 

2.5 

0.25 

5 

10 

150 


500 

MJ16006A 


5 min 

8 

3 

0.4 

5 


150 


850* 

MJ12021 


5 min 

8 


0.1 typ 

5 


150 


1400* 

MJ10011## 


20 min 

4 


1 

4 


80 


1500* 

MJ12005 


5 min 

5 


/ 

5 


100 

9 

400 

BUS47 


7 min 

6 

2 

0.4 

6 


150 


450 

BUS47A 


7 min 

5 

2 

0.4 

5 


150 

10 

40 

2N6383## 

2N6648## 

1k/20k 

5 


„ i 


20# 

100 


60 

BD311 

BD312 

25 min 

5 




4 

115 




2N3789 

15 min 

3 

0.3 typ 

0.4 typ 

5 

4 

150 



2N3715 

2ra3791 

30 min 

3 

0.3 typ 

0.4 typ 

5 

4 

150 



2N5877 

2N5875 

20/100 

4 

1 

0.8 

4 

4 

150 



2N6384## 


1k/20k 

5 




20# 

100 



MJ3000## 

MJ2500## 

Ik min 

5 





150 


80 

2N3714 

2N3790 

15 min 

3 

0.3 typ 

0.4 typ 

5 

4 

150 



2N3716 

2N3792 

30 min 

3 

0.3 typ 

0.4 typ 

5 

4 

150 



2N5878 

2N5876 

20/100 

4 

1 

0.8 

4 

4 

150 



2N6385## 


1k/20k 

5 




20# 

100 



MJ3001## 

MJ2501## 

Ik min 

5 





150 


140 

2N5634 


15/60 

5 

0.9 typ 

0.9 typ 

5 

1 

150 



2N3442 


20/70 

4 





117 


* V(BR)CEX> * Ihfel 1 MHz, ## Darlington (continued) 
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TABLE 1 — METAL TO-204AA — TO-204AE (Type) (continued) 


IcCont 

Amps 

Max 

VCEO(sus) 

Volts 

Min 

Device Type 

— 

hPE 

Min/Max 

@ ic 

Amp 

Resistive Switching 

<t 

MHz 

Min 

Pq (Case) 
Watts 
@25“C 

flS 

Max 

tf 

flS 

Max 

@ Ic 

Amp 

NPN 

PNP 

10 

250 

MJ15011 

MJ15012 

20/100 

2 





200 


325 

BUX43 


8 min 

5 

2.2 

0.9 

5 

8 

120 



MJ413 


20/80 

0.5 




2.5 

125 



MJ423 


30/90 

1 




2.5 

125 



MJ431 


15/35 

2.5 




2.5 

125 


350 

BU323## 


150 min 

6 

7.5 typ 

5.2 typ 

6 


175 



MJ13014 


8/20 

5 

2 

0.5 

5 

, 

150 



MJ10002## 


3/300 

5 

2.5 

1 

5 

10# 

150 



MJ10006## 


30/300 

5 

1.5 

0.5 

5 

10# 

150 


400 

BU323A## 


150 min 

6 

7.5 typ 

5.2 typ 

6 


175 



MJ10007## 


30/300 

5 

1.5 

0.5 

5 

10# 

150 



MJ10012## 


100/2k 

6 

15 

15 

6 


175 



MJ13015 


8/20 

5 

2 

0.5 

5 


150 


600 

MJ10014## 


10/250 

10 

2.5 

0.8 

10 


175 


700 

MJ8504 


7.5 min 

1.5 

4 

2 

5 


175 


800 

MJ8505 


7.5 min 

1.5 

4 

2 

5 


175 



MJ16018 


4 min 

5 

4.5 typ 

0.2 typ 

5 


150 


950* 

MJ12010 


4.2 min 

5 


1 

5 


100 

12 

60 

2N6057## 

2N6050## 

750/1 8k 

6 

1.6 typ 

1.5 typ 

6 

4# 

150 


80 

2N6058## 

■fcoBi##"' ; 

750/1 8k 

6 

1 .6 typ 

1.5 typ 

6 

4# 

150 


100 

2N6059## 


750/1 8k 

6 

1.6 typ 

1.5 typ 

6 

4# 

150 


250 

BUX42 


8 min 

6 

2 

0.4 

6 

8 

120 


1000 

BUT16## 


5 min 

8 

3.3 

1.5 

8 


150 

15 

60 

2N3055 

MJ2955 

20/70 

4 

0.7 typ 

0.3 typ 

4 

2.5 

115 



2N3055A 

MJ2955A 

20/70 

4 




0.8 

115 



2N6576## 


2k/20k 

4 

2 

7 

10 

10-200# 

120 



2N5881 

, 1 

2N5879 

20/100 

6 

1 

0.8 

6 

4 

160 

' 

80 

2N5882 

2N5880 

20/100 

6 

1 

0.8 

6 

4 

160 


90 

2N6577## 


2k/20k 

4 

2 

7 

10 

10-200# 

120 

i 

120 

MJ15015 

MJ15016 

20/70 

4 





180 



2N6578## 


2k/20k 

4 

2 

7 

10 

10-200# j 

120 


140 

MJ15001 

MJ15002 

25/150 

4 




2 

200 


150 

MJ11018## 

MJ11017## 

100 min 

15 




3# 

175 


200 

BUX41 


8 min 

8 

1.5 

0.4 

8 

8 

120 



2N6249 


10/50 

10 

3.5 

1 

10 

2.5 

175 



MJ11020## 

MJ11019## 

100 min 

15 




3# 

175 


250 

MJ11022## 

MJ11021## 

100 min 

15 




3# 

175 


275 

2N6250 


8/50 

10 

3.5 

1 

10 

2.5 

175 


300 

2N6546 


6/30 

10 

4 

0.7 

10 

6 to 24 

175 



2N6676 


8 min 

15 

2.5 

0.5 

15 

3 

175 


325 

BUX13 


8 min 

8 

2.5 

0.8 

8 

8 

150 


400 

BUS48 


8 min 

10 

2 

0.4 

10 


175 



BUX48 




3 ■ 

0.8 

10 


175 



2N6547 


6/30 

10 

4 

0.7 

10 

6 to 24 

175 



2N6678 


8 min 

15 

2.5 

0.5 

15 

3 

175 



MJ13090 


8 min 

10 

2.5 

0.5 

10 


175 


450 

BUS48A 


8 min 

10 

2 

0.4 

10 


175 



BUX48A 




3 

0.8 

8 


175 



MJ13091 


8 min 

10 

2.5 

0.5 

10 


175 



MJ16010 


5 min 

15 

1.2 typ 

0.2 typ 

10 


175 


I I JAN, JTX, JTXV Available * VlBRICEX. # |hfel «■ 1 MHz, ## Darlington 
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TABLE 1 — METAL TO-204AA — TO-204AE (Type) (continued) 








Resistive Switching 



l(QCont 

Amps 

Max 

VCEO(sus) 

Volts 

Pevice Type 

hpE 

Mih/Max 

@ ic 

Amp 

ts 

flS 

Max 

tf 

/ts 

Max 

@ ic 

Amp 

MHz 

Pq (Case) 
Watts 

Min 

NPN 

PNP 

Min 

@ 25°C 

15 


MJ16012 


7 min 

15 

0.9 typ 

0.15 typ 

10 


175 



2N6836 


10/30 

10 

3 

0.35 

10 

10 

175 


500 

MJ16010A 

■ 


5 min 

15 

3 

0.4 

10 


175 


850* 

MJ12022 


5 min 

15 


0.1 typ 

10 


175 

16 

60 

MJ4033## 

MJ4030## 

Ik/ 

10 





150 


80 

BD315 

BD316 

25 min 

5 




1 

200 



MJ4034## 

MJ4031## 

Ik/ 

10 





150 


100 

BD317 

BD318 

25 min 

5 




1 

200 



2N5629 

2N6029 

25/100 

8 

1.2 typ 

1.2 typ 

8 

1 

200 



MJ4035## 

MJ4032## 

Ik/ 

10 




' 

150 


120 

2N5630 

2N6030 

20/80 

8 

1.2 typ 

1 .2 typ 

8 

1 

200 


140 

2N3773 

2N6609 

15/60 

8 

1.1 typ 

1.5 typ 

8 

4 

150 



2N5631 

2N6031 

15/60 

8 

1.2 typ 

1.2 typ 

8 

1 

200 


200 

MJ15022 

MJ15023 

15/60 

8 




5 

250 


250 

MJ15024 

MJ15025 

15/60 

8 




5 

250 

18 

160 

BUX41N 


8 min 

12 

1.2 

0.25 

12 

8 

120 

t 20 

60 

2N3772 


15/60 

10 




2 

150 



2N6282## 

2N6285## 

750/1 8k 

10 

2.5 typ 

2.5 typ 

10 

4# 

160 


75 



20/100 

10 

1.5 

0.5 

10 

60 

140 


80 


2HS7^ 

15/60 

10 

2 


10 

2 

200 



2N6283## 

2N6286## 

750/1 8k 

10 

2.5 typ 

2.5 typ 

10 

4# 

160 


90 



20/100 

12 

1.5 

0.5 

12 

60 

140 


100 

2N6284## 


750/18k 

10 

2.5 typ 

2.5 typ 

10 

4# 

160 


125 

BUX40 


8 min 

15 

1 

0.25 

15 

8 

120 


140 

MJ15003 

MJ15004 

25/150 

5 




2 

250 


160 

BUV11N 


10 min 

15 

1.2 

0.25 

15 

8 

150 


200 

BUV11 


10 min 

12 

1.8 

0.4 

12 

8 

150 



MJ13330 


8/40 

10 

3.5 

0.7 

10 

5 to 40 

175 


250 

BUV12 


10 min 

10 

1.5 

0.5 

10 

8 

150 



MJ13331 


8/40 

10 

3.5 

0.7 

10 

5 to 40 

175 


350 

MJ10000## 


40/400 

10 

3 

1.8. 

10 

10# 

175 



MJ10004## 


40/400 

10 

1.5 

0.5 

10 

10# 

175 


400 

BUV24 


8 min 

12 

3 

0.9 

12 

8 

250 



MJ10001## 


40/400 

10 

3 

1.8 

10 

10# 

175 



MJ10005## 


40/400 

10 

1.5 

0.5 

10 

10# 

175 



MJ13333 


10/60 

5 

4 

0.7 ; 

10 


175 


450 

MJ10008## 


30/300 

10 

2 

0.6 

10 

8# 

175 



MJ16014 


5 min 

20 

2.7 

0.35 

20 


250 



MJ16016 


7 min 

20 

2.2 

0.25 

20 


250 



2N6837 


10/30 

15 

2.5 

0.25 

15 


250 


500 

MJ10009## 


30/300 

10 

2 

0.6 

10 

8# 

175 



MJ13335 


10/60 

5 

4 

0.7 

10 


175 


700 



15 min 

12 

2.5 

0.8 

12 


175 


750 

MJ10024## 


50/600 

20 

5 

1.8 

10 


250 


850 

MJ10025## 


50/600 

20 

5 

1.8 

10 


250 


* V(BR)CEX< ^ |hfel I MHz, ## Darlington 


JAN, JTX, JTXV Available 
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TABLE 1 — METAL TO-204AA — TO-204AE (Type) (continued) 


IcCont 

Amps 

Max 

VcEO(sus) 

Volts 

Min 

Device Type 

hpE 

Min/Max 

@ ic 

Amp 

Resistive Switching 

h 

MHz 

Min 

Pd (Case) 
Watts 
@ 25X 

ts 

MS 

Max 

tf 

flS 

Max 

@ Ic 

Amp 

NPN 

PNP 

24 

1000 

BUT36## 


5 min 

16 

6 

2.5 

16 


250 

25 

60 

2N5885 

2N5883 

20/100 

10 

1 

0.8 

10 

4 

200 


80 

2N5886 

2N5884 

20/100 

10 

1 

0.8 

10 

4 

200 




2N6436 

30/120 

10 

1 

0.25 

10 

40 

200 


100 

2N6338 

2N6437 

30/120 

10 

1 

0.25 

10 

40 

200 


120 

2N6339 

2N6438 

30/120 

10 

1 

0.25 

10 

40 

200 


125 

BUV10 


10 min 

20 

1.2 

0.25 

20 

8 

150 



BUV10N 


10 min 

20 

1.55 

0.45 

15 

10 

175 


140 

2N6340 


30/120 

10 

1 

0.25 

10 

40 

200 


150 

2m341 


30/120 

10 

1 

0.25 

10 

40 

200 


500 

BUT14## 


15 min 

16 

2.8 

0.8 

16 


175 

28 

400 

BUT13## 


20 min 

20 

2.6 

0.8 

18 


175 

30 

40 

2N3771 


15/60 

15 




2 

150 



2N5301 

2N4398 

15/60 

15 

2 

1 

10 

2 

200 


60 

2N5302 

2N4399 

15/60 

15 

2 

1 

10 

2 

200 



MJ11012## 

MJ11011## 

Ik min 

20 




4# 

200 


90 

BUX39 


8 min 

20 

1 

0.25 

20 

8 

120 



MJ11014## 

MJ11013## 

Ik min 

20 




4# 

200 


100 

2N6328 


6/30 

30 




3 

200 



MJ802 

MJ4502 

25/100 

7.5 




2 

200 

1 

120 

MJ11016## 

MJ11015## 

Ik min 

20 




4# 

200 


325 

BUV23e 


8 min 

16 

1.8 

0.4 

16 

8 

250 


400 

BUS98e 


8 min 

20 

2.3 

0.4 

20 


250 



BUX98 




3 

0.8 

20 


250 


450 

BUS98A* 


8 min 

16 

2.3 

0.4 

16 


250 



BUX98A 




3 

0.8 

16 


250 



MJ16020* 


5 min 

30 

1.8 

0.2 , 

20 


250 



MJ16022e 


7 min 

30 

1.5 

0.15 

20 


250 

40 

160 

BUV21N* 


10 min 

40 

1 

0.2 

40 

8 

250 


200 

BUV21* 


10 min 

25 

1.8 

0.4 

25 

8 

150 


250 

BUS52e 


15 min 

40 





350 



BUV22e 


10 min 

20 

1.1 

0.35 

20 

8 

250 


350 

MJ10022*## 


50/600 

120 

2.5 

0.9 

20 


250 


400 

MJ10023*## 


50/600 

10 

2.5 

0.9 

20 


250 


700 

BUT35*## 


15 min 

24 

4 

1.2 

24 


250 

50 

60 

2NS685. 

2N56S3* 

15/60 

25 

0.5 typ 

0.3 typ 

25 

2 

300 



1 MJ11028e## 

MJ11029*## 

400 min 

50 





300 


80 

iliilllMilillM 

15/60 

25 

0.5 typ 

0.3 typ 

25 

2 

300 




2N6377e 

30/120 

20 

0.8 

0.25 

1 

20 

30 

250 


90 

MJ11030e## 

MJ11031«## 

400 min 

50 





300 


100 

2N6274A 

2N637S* 

30/120 

20 

0.8 

0.25 

20 

30 

250 


120 

2N6275# 

2N8379e 

30/120 

20 

0.8 

0.25 

20 

30 

250 



MJ11032e## 

Mjl1033*## 

400 min 

50 





300 


125 

BUV20e 


10 min 

50 

1.2 

0.25 

50 

8 

250 


150 

2N6277* 


30/120 

20 

0.8 

0.25 

20 

30 

250 


• Modified TO-3, 60 mil pins, # |hfe| (» 1 MHz, ## Darlington 


□ 


JAN, JTX, JTXV Available 
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TABLE 1 — METAL TO-204AA — TO-204AE (Type) (continued) 


icCont 

Amps 

Max 

VcEO{sus) 

Volts 

Min 

Device Type 

hpE 

Min/Max 

@ ic 

Amp 

Resistive Switching 

MHz 

Min 

Pd (Case) 
Watts 
@ 25X 

^s 

flS 

Max 

tf 

flS 

Max 

@ Ic 

Amp 

NPN 

PNP 

50 

200 

BUS51« 


15 min 

50 





350 


400 

MJ10015«## 


10 min 

40 

2.5 

1 

20 


250 


500 

BUT34*## 


15 min 

32 

3 

1.5 

32 


250 



MJ10016«## 


10 min 

40 

2.5 

1 

20 


250 

56 

400 

BUT33e## 


20 min 

36 

3.3 

1.6 

36 


250 

60 

60 

MJ14000« 

MJ1400le 

15/100 

50 





300 


80 

MJ14002* 

MJ14003« 

15/100 

50 





300 


200 

MJ10020«## 


75 min 

15 

3.5 

0.5 

30 


250 


250 

MJ10021*## 


75 min 

15 

3.5 

0.5 

30 


250 

70 

125 

BUS50* 


15 min 

50 





350 


• Modified TO-3, 60 mil pins, # |hfel (o 1 MHz, ## Darlington 


TABLE 2 — METAL TO-205AA PACKAGE (Formerly TO-5) 



STYLE 1 ; 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


IcCont 

Amps 

Max 

VcEO(sus) 

Volts 

Min 

Device Type 

hPE 

Min/Max 

@ic 

Amp 

Resistive Switching 

tT 

MHz 

Min 

Pd (Case) 
Watts 
@ 25°C 

^s 

flS 

Max 

tf 

MS 

Max 

@ Ic 

Amp 

NPN 

PNP 

3 

40 


2N3719 

25/180 

1 

0.4* 


1 

60 

6 




2N3867 

40/200 

1.5 

0.4* 


1.5 

60 

6 


60 


2N3720 

25/180 

1 

0.4* 


1 

60 

6 




2N3868 

30/150 

1.5 

0.4* 


1.5 

60 

6 


80 


2N6303 

30/150 

1.5 

0.4* 



60 

6 


*toff 


TABLE 3 — METAL TO-205AD PACKAGE (Formerly TO-39) 

STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 
(Pin 3 connected to case) 


IcCont 

Amps 

Max 

VcEO(sus) 

Volts 

Min 

Device Type 

hPE 

Min/Max 

@ Ic 

Amp 

Resistive Switching 

tT 

MHz 

Min 

Pd (Case) 
Watts 
@ 25°C 

ts 

MS 

Max 

tf 

MS 

Max 

@ Ic 

Amp 

NPN 

PNP 

0.5 

300 


MJ4646 

20 min 

0.5 

0.72* 


0.05 

40 

5 


400 


MJ4647 

20 min 

0.5 

0.72* 


0.05 

30 

5 

4 

60 

2N4877 


20/100 

4 

1.5 

0.5 

4 

4 

10 

5 

80 

2N5336 

2N6190 

30/120 

2 

2 

0.2 

2 

30 

6 



2N5337 

2N6191 

60/240 

2 

2 

0.2 

2 

30 

6 


100 

2N5338 


30/120 

2 

2 

0.2 

2 

30 

10 



2NS338 1 

2N6193 

■ : 

60/240 

2 

2 

0.2 

2 

30 

6 


JAN, JTX, JTXV Available 
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TABLE 4 — METAL TO-213AA PACKAGE (Formerly TO-66) 

CASE 80-02 



O 

STYLE 1 : 


PIN 1. BASE 

’o y 

2. EMITTER 


CASE. COLLECTOR 


IcCont 

Amps 

Max 

VCEO(sus) 

Volts 

Min 

Device Type 

hpE 

Min/Max 

@ ic 

Amp 

Resistive Switching 

MHz 

Min 

Pd (Case) 
Watts 
@ 25X 

ts 

MS 

Max 

tf 

MS 

Max 

@ Ic 

Amp 

NPN 

PNP 

1 

40 


2N4898 

20/100 

0.5 

0.6 typ 

0.3 typ 

0.5 

3 

25 


60 


2N4899 

20/100 

0.5 

0.6 typ 

0.3 typ 

0.5 

3 

25 


80 

2N4912 

2N4900 

20/100 

0.5 

0.6 typ 

0.3 typ 

0.5 

3 

25 


175 

2N3583 

2N6420 

40/200 

0.5 

2 typ 

0.23 typ 

0.5 

10 

35 


225 

2N3738 


40/200 

0.1 

3 typ 

0.3 typ 

0.1 

10 

20 


250 


2N5344 

25/100 

0.5 

0.6 

0.1 

0.5 

60 

40 


300 

2N3739 


40/200 

0.1 

3 typ 

0.3 typ 

0.1 

10 

20 

2 

225 


2N6211 

10/100 

1 

2.5 

0.6 

1 

20 

35 


250 

2N3584 

2N6421 

25/100 

1 

4 

3 

1 

10 

35 


300 


2N6212 

10/100 

1 

2.5 

0.6 

1 

20 

35 



2N3585 

2N6422 

25/100 

1 

4 

3 

1 

10 

35 



2N4240 


30/150 

0.75 

6 

3 

0.75 

15 

35 


350 


2N6213 

10/100 

1 

2.5 

0.6 

1 

20 

35 

3 

140 

2N3441 


25/100 

0.5 




0.2 

25 

4 

60 


2N3740 

30/100 

0.25 

1.3 typ 

0.27 typ 

0.25 

4 

25 



2N3054,A 

2N6049 

25/100 

0.5 

1 typ 

0.3 typ 

0.5 

3 

75 



ZN3766 


40/160 

0.5 

0.9 typ 

0.09 typ 

0.5 

10 

20 



2N6294## 

2N6296## 

750/1 8k 

2 

0.9 typ 

0.7 typ 

2 

4# 

50 


80 


2N3741 

30/100 

0.25 

1 .3 typ 

0.27 typ 

0.25 

4 

25 



2N3767 


40/160 

0.5 

0.9 typ 

0.09 typ 

0.5 

10 

20 



2N62i5## 

2N6297## 

750/1 8k 

2 

0.9 typ 

0.7 typ 

2 

4 

50 

5 

80 

2N4233A 


25/100 

1.5 

0.5 typ 

0.2 typ 

1.5 

4 

75 


275 

2N6233 


25/125 

1 

3.5 

0.5 

1 

20 

50 


325 

2N6235 


25/125 

1 

3.5 

0.5 

1 

20 

50 

7 

60 

2N6315 

2N6317 

20/100 

2.5 

1 

0.8 

2.5 

4 

90 


80 

2N5428 


60/240 

2 

2 

0.2 

2 

30 

40 



2N6316 

2N6318 

20/100 

2.5 

1 

0.8 

2.5 

4 

90 


100 

2N5429 


30/120 

2 

2 

0.2 

2 

30 

40 



2N5430 


60/240 

2 

2 

0.2 

2 

30 

40 

8 

60 

2N6300## 

2N6298## 

750/1 8k 

4 

1.5 typ 

1.5 typ 

4 

4# 

75 


80 

2N6301## 

2N6299## 

750/1 8k 

4 

1.5 typ 

1.5 typ 

4 

4# 

75 

10 

80 

2N6495 


10/60 

10 

0.15 typ 

0.05 typ 

10 

25 

70 


# |hfel 1 MH 2 , ## Darlington 


I I JAN, JTX, JTXV Available 
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TABLE 5 — PLASTIC TO-218AC PACKAGE 


CASE 340-01 


STYLE 1 : 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 



IcCont 

Amps 

Max 

VcEO(sus) 

Volts 

Mill 

Device Type 

hpE 

Min/Max 

@ ic 

Amp 

Resistive Switching 

MHz 

Min 

Pd (Case) 
Watts 
@ 25°C 

^s 

AS 

Max 

tf 

#s 

Max 

@ Ic 

Amp 

NPIM 

PNP 

3 

750 

MJH16032 


4 min 

3 

2 

1.5 

2 


125 


850 

MJH 16034 


4 min 

3 

2 

1.5 

2 


125 

5 

400 

BUW11 


6 min 

3 

4 

0.8 

3 


125 


450 

BUW11A 


6 min 

2.5 

4 

0.8 

2.5 


125 



MJH16002 


5 min 

5 

3 

0.3 

3 


100 



MJH16004 


7 min 

5 

2-7 

0.35 

3 


100 


500 

MJH16002A 


5 min 

; 5 

3 

0.3 

3 


100 


1500* 

MJH12004 


2.5 min 

4.5 

- 

1 

4.5 

4 

100 

6 

375 

BU426 


30 typ 

0.6 

2 typ 

0.5 typ 

2.5 

6 typ 

113 


400 

BU426A 


30 typ 

0.6 

2 typ 

0.5 typ 

2.5 

6 typ 

113 

8 

400 

BUW12 


6 min 

6 

4 

0.8 

5 


125 


450 

BUW12A 


6 min 

5 

4 

0.8 

5 


125 



MJH 16006 


5 min 

8 

2.5 

0.25 

5 


125 



MJH16008 


7 min 

8 

2.2 

0.25 

5 


125 


500 

BUT50P## 


30 min 

2 

0.75 typ 

0.1 typ 

5 


100 



MJH16006A 


5 min 

8 

2.5 

0.25 

5 


125 


700 

BU508,A 


2.25 min 

4.5 

8 typ 

0.5 typ 

4.5 

7 

125 



BU508D,AD 


2.25 min 

4.5 

8 typ 

0.5 typ 

4.5 

7 

125 


750 

MJH 12005 





0.4 typ 

5 

4 

100 

9 

400 

BUS47P 


7 min 

5 

2 

0.4 

6 


128 


450 

BUS47AP 


7 min 

6 

2 

0.4 

6 


128 

10 

40 

TIP33 

TIP34 

20 min 

3 




3 

80 


60 

BDV65## 

BDV64## 

Ik min 

5 





125 



TIP33A 

TIP34A 

20 min 

3 




3 

80 



TIPI 40## 

TIPI 45## 

500 min 

10 

2.5 typ 

2.5 typ 

5 

■ 4# 

125 


80 

BDV65A## 

BDV64A## 

Ik min 

5 





125 



TIP33B 

TIP34B 

20 min 

3 




3 

80 



TIP141## 

TIPI 46## 

500 min 

10 

2.5 typ 

2.5 typ 

5 

4# 

125 


100 

BDV65B## 

BDV64B## 

Ik min 

5 





125 



TIP33C 

TIP34C 

20 min . 

3 




3 

80 



TIPI 42## 

TIP147## 

500 min 

10 

2.5 typ 

2.5 typ 

5 

4# 

125 


120 

BDV65C## 

BDV64C## 

Ik min 

5 





125 


200 

BU323P## 


150 min 

6 

15 

15 

6 


125 


250 

BU323AP## 


150 min 

6 

15 

15 

6 


125 


400 

MJH10012## 


100/2k 

6 

15 

15 

6 


118 


800 

MJH16018 


4 min 

5 

4.5 typ 

0.2 typ 

5 


150 

15 

60 

TIP3055 

TIP2955 

5 min 

10 




2.5 

80 


150 

MJH11018 

MJH11017 

400/1 5k 

10 




3# 

150 


# |hfel 1 MHz, ## Darlington (continued) 

* V(br)CEX or V(bR)CES 


2-10 



TABLE 5 — PLASTIC TO-218AC PACKAGE (continued) 


IcCont 

Amps 

Max 

VcEO(sus) 

Volts 

Min 

Device Type 

hpE 

Min/Max 

@ ic 

Amp 

Resistive Switching 

MHz 

Min 

Pd (Case) 
Watts 
@ 25“C 

ts 

flS 

Max 

tf 

flS 

Max 

@ Ic 

Amp 

NPN 

PNP 

15 

200 

MJH11020 

MJH11019 

400/1 5k 

10 




3# 

150 


250 

MJH11022 

MJH11021 

400/1 5k 

10 




3# 

150 


300 

MJH6676 


8 min 

15 

2.5 

0.5 

15 


125 


350 

MJH6677 


8 min 

15 

2.5 

0.5 

15 


125 


400 

BUS48P 


8 min 

10 

2 

0.4 

10 


150 



BUW13 




4 

0.8 

10 


175 



MJH6678 


8 min 

15 

2.5 

0.5 

15 


125 



MJH13090 


8 min 

10 

2.5 

0.5 

10 


125 


450 

BUS48AP 


8 min 

8 

2 

0.4 

10 


150 



BUW13A 




4 

0.8 

8 


175 



MJH13091 


8 min 

10 

2.5 

0.5 

10 


125 



MJH16010 


5 min 

15 

1.2 

0.2 

10 


150 



MJH16012 


7 min 

15 

0.9 

0.15 

10 


150 


500 

BUT51P## 


40 min 

5 

1.1 

0.16 

10 


125 



MJH16010A 


5 min 

15 

3 

0.4 

10 


150 

16 

100 

MJE4340 

MJE4350 

15 min 

8 

1.2 typ 

1.2 typ 

8 

1 

125 


120 

MJE4341 

MJE4351 

15 min 

8 

1.2 typ 

1 .2 typ 

8 

1 

125 


140 

MJE4342 

MJE4352 

15 min 

8 

1.2 typ 

1.2 typ 

8 

1 

125 


160 

MJE4343 

MJE4353 

15 min 

8 

1.2 typ 

1.2 typ 

8 

1 

125 

20 

60 

MJH6282## 

MJH6285## 

750/1 8k 

10 




4# 

125 


80 

MJH6283## 

MJH6286## 

750/1 8k 

10 




4# 

125 


100 

MJH6284## 

MJH6287## 

750/1 8k 

10 




4# 

125 

25 

40 

TIP35 

TIP36 

10/75 

15 

0.6 typ 

0.3 typ 

10 

3 

125 


45 

BD249 

BD250 

10 min 

15 




3 

125 


60 

BD249A 

BD250A 

10 min 

15 




3 

125 



TIP35A 

TIP36A 

10/75 

15 

0.6 typ 

0.3 typ 

10 

3 

125 


80 

BD249B 

BD250B 

10 min 

15 




3 

125 



TIP35B 

TiP36B 

10/75 

15 

0.6 typ 

0.3 typ 

10 

3 

125 


100 

BD249C 

BD250C 

10 min 

15 




3 

125 

1 


TIP35C 

TIP36C 

10/75 

15 

0.6 typ 

0.3 typ 

10 

3 

125 


# |hfel (d 1 MHz, ## Darlington 
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TABLE 6 — PLASTIC TO-220AB PACKAGE 


STYLE 1 : 

PIN 1. BASE 

2. COLLECTOR 
1 EMITTER 
4. COLLECTOR 


IrCont 

Amps 

Max 

''W*' 

Min 

Device Type 

hpE 

Min/Max 

@ Ic 
Amp 

Resistive Switching 

mI\z 

Min 

Pn (Case) 
Watts 
(a)25X 

ts 

/IS 

Max 

tf 

/ts 

Max 

@ Ic 

Amp 

NPN 

PNP 

0.5 

350 

MJE2360T 


15 min 

0.1 




10 typ 

30 



MJE2361T 


40 min 

0.1 




10 typ 

30 

1 

40 

TIP29 

TIP30 

15/75 

1 

0.6 typ 

0.3 typ 

1 

3 

30 


60 

TIP29A 

TIP30A 

15/75 

1 

0.6 typ 

0.3 typ 

1 

3 

30 


80 

TIP29B 

TIP30B 

15/75 

1 

0.6 typ 

0.3 typ 

1 

3 

30 


100 

TIP29C 

TIP30C 

15/75 

1 

0.6 typ 

0.3 typ 

1 

3 

30 


250 

TIP47 


30/150 

0.3 

2 typ 

0. 1 8 typ 

0.3 

10 

40 


300 

TIP48 


30/150 

0.3 

2 typ 

0.18 typ 

0.3 

10 

40 


350 

TIP49 


30/150 

0.3 

2 typ 

0.18 typ 

0.3 

10 

40 


400 

TIP50 


30/150 

0.3 

2 typ 

0.18 typ 

0.3 

10 

40 

2 

45 

BD239 

BD240 

15 min 

1 




3 

30 


60 

BD239A 

BD240A 

15 min 

1 




3 

30 



TIP1 10## 

TIP1 15## 

500 min 

2 

1-7 typ 

1.3 typ 

2 

25# 

50 


80 

BD239B 

BD240B 

15 min 

1 




3 

30 



TIP1 11## 

TIP1 16## 

500_min 

2 

1.7 typ 

1.3 typ 

2 

25# 

50 


100 

BD239C 

BD240C 

15 min 

1 




3 

30 



TIP1 12## 

TIP1 17## 

500 min 

2 . - 

1.7 typ 

1.3 typ 

2 

25# 

50 


400 

BUX84 


30 nriin 

0.1 

3.5 

1.4/ 

1 

4 

50 


450 

BUX85 


30 min 

0.1 

3.5 

1.4 

1 

4 

50 


900 

MJE1320 

• 

3 min 

1 

4 typ 

0.8 typ 

1 


80 

2.5 

700 

MJE8500 


7.5 min 

0.5 

4 

2 

1 


65 


750 

MJE12007 


1.1 min 

2 


1 

2 

4 typ 

65 


800 

MJE8501 


7.5 min 

0.5 

4 

2 

1 


65 

3 

40 

TIP31 

TIP32 

25 min 

1 

0.6 typ 

0.3 typ 

1 

3 

40 


45 

BD241 

BD242 

25 min 

1 




3 

40 


60 

BD241A 

BD242A 

25 min 

1 




3 

40 



TIP31A 

TIP32A 

25 min 

1 

0.6 typ 

0.3 typ 

1 

3 

40 


80 

BD241B 

BD242B 

25 min 

1 




3 

40 



TIP31B 

TIP32B 

25 min 

1 

0.6 typ 

0.3 typ 

1 

3 

40 


100 

BD241C 

BD242C 

25 min 

1 




3 

40 



TIP31C 

TIP32C 

25 min 

1 

0.6 typ 

0.3 typ 

1 

3 

40 


750 

MJE16032 


4 min 

3 

2 

1.5 

2 


80 


850 

MJE16034 


4 min 

3 

2 

1.5 

2 


80 

4 

45 

2N6121 

2IM6124 

25/100 

1.5 

0.4 typ 

0.3 typ 

1.5 

2.5 

40 



BD533 

BD534 

25 min 

2 




3 

50 


60 

2N6122 

2N6125 

25/100 

1.5 

0.4 typ 

0.3 typ 

1.5 

2.5 

40 



BD535 

BD536 

25 min 

2 




3 

50 



MJE800T## 

MJE700T## 

750 min 

1.5 




1# 

40 


80 

2N6123 


20/80 

1.5 

0.4 typ 

0.3 typ 

1.5 

2.5 

40 



BD537 

BD538 

15 min 

2 




3 

50 


300 

MJE13004 


6/30 

3 

3 

0.7 

3 

4 

60 


400 

MJE13005 


6/30 

3 

3 

0.7 

3 

4 

60 

5 

60 

TIPI 20## 

TIP125## 

Ik min 

3 

1.5 typ 

1 .5 typ 

3 

4# 

65 


80 

TIP121## 

TIPI 26## 

Ik min 

3 

1.5 typ 

1.5 typ 

3 

4# 

65 


100 

TIPI 22## 

TIPI 27## 

Ik min 

3 

1.5 typ 

1.5 typ 

4 

4# 

75 


# |hfe| (d 1 MHz, ## Darlington (continued) 




TABLE 6 — PLASTIC TO-220AB PACKAGE (continued) 


IcCont 

Amps 

Max 

VcEO(sus) 

Volts 

Min 

Device Type 

hpE 

Min/Max 

@ ic 

Amp 

Resistive Switching 

fr 

MHz 

Min 

Pd (Case) 
Watts 
@ 25°C 

ts 

/ts 

Max 

tf 

#s 

Max 

@ Ic 

Amp 

NPN 

PNP 

5 

250 

2N6497 


10/75 

2.5 

1.8 

0.8 

2.5 

5 

80 


300 

2N6498 


10/75 

2.5 

1.8 

0.8 

2.5 

5 

80 


400 

MJ El 3070 


8 min 

3 

1.5 

0.5 

3 


80 


450 

BUS46P 


7 min 

3 

1.5 

0.5 

2 


75 



MJE13071 


8 min 

3 

1.5 

0.5 

3 


80 



MJE16002 


5 min 

5 

3 

0.3 

3 


80 



MJE16004 


7 min 

5 

2.7 

0.35 

3 


80 


700 

MJE8502 


7.5 min 

1 

4 

2 

2.5 


80 


800 

MJE8503 


7.5 min 

1 

4 

2 

2.5 


80 

6 

40 

TIP41 

TIP42 

15/75 

3 

0.4 typ 

0.15 typ 

3 

3 

65 


45 

BD243 

BD244 

15 min 

3 




3 

65 


60 

BD243A 

BD244A 

15 min 

3 




3 

65 



TIP41A 

TIP42A 

15/75 

3 

0.4 typ 

0.15 typ 

3 

3 

65 


80 

BD243B 

BD244B 

15 min 

3 




3 

65 



TIP41B 

TIP42B 

15/75 

3 

0.4 typ 

0.15 typ 

3 

3 

65 


100 

BD243C 

BD244C 

— ; 

15 mm 

3 




3 

65 



TIP41C 

TIP42C 

15/75 

3 

0.4 typ 

0.15 typ 

3 

3 

65 

7 

30 

2N6288 

2N6111 

30/150 

3 

0.4 typ 

0.15 typ 

3 

4 

40 


45 

BD795 

BD796 

25 min 

3 




3 

65 


50 

2N6290 

2N6109 

30/150 

2.5 

0.4 typ 

0.15 typ 

3 

4 

40 


60 

BD797 

BD798 

25 min 

3 




3 

65 

I 

70 

2N6292 

2N6107 

30/150 

3 

0.4 typ 

0.15 typ 

3 

4 

40 


80 

BD799 

BD800 

15 min 

3 




3 

65 


100 

BD801 

BD802 

15 min 

3 




3 

65 


150 

BU407,D 


30 min 

1.5 


0.75 

5 

10 

60 


200 

BU406,D 

1 

30 min 

1.5 


0.75 

5 

10 

60 


375 

BU522## 


250 min 

2.5 




7.5 

75 


425 

BU522A## 


250 min 

2.5 




7.5 

75 


450 

BU522B## 


250 min 

2.5 




7.5 

75 

8 

40 

2N6386## 


1k/20k 

3 



1 

20# 

65 


45 

BDX53## 

BDX54## 

750 min 

3 




4# 

60 



BD895## 

BD896## 

750 min 

3 




1# 

70 



BD895A## 

BD896A## 

750 min 

4 




1# 

70 


60 

2N6043## 

2N6040## 

Ik/lOk 

4 

1.5 typ 

1.5 typ 

3 

4# 

75 



BDX53A## 

BDX54A## 

750 min 

3 




4# ! 

60 



BD897## 

BD898## 

750 min 





1# 

70 



BD897A## 

BD898A## 

750 min 

4 




1# . 

70 



TIPI 00## 

TIPI 05## 

1k/20k 

3 

1 .5 typ 

1.5 typ 

3 

4# 

80 


80 

2N6044## 

2IM6041## 

Ik/lOk 

4 

1.5 typ 

1.5 typ 

3 

4# 

75 



BDX53B## 

BDX54B## 

750 min 

3 




4# 

60 



BD899## 

BD900## 

750 min 

3 




1# . 

70 



BD899A## 

BD900A## 

750 min 

4 




1# 

70 

I 


TIPI 01## 

TIPI 06## 

1k/20k 

3 

1 .5 typ 

1 .5 typ 

3 

4# 

80 


100 

2N6045## 

2N6042## 

Ik/lOk 

3 

1.5 typ 

1.5 typ 

3 

4# 

75 



BDX53C## 

BDX54C## 

750 min 

3 




4# 

60 



BD901## 

BD902## 

750 min 

3 




1# 

70 



TIPI 02## 

TIPI 07## 

1k/20k 

3 

1.5 typ 

1.5 typ 

3 

4# 

80 


# Ihfel (a 1 MHz, ## Darlington (continued) 


2-13 




TABLE 6 — PLASTIC TO-220AB PACKAGE (continued) 


IcCont 

Amps 

Max 

VCEO(sus) 

Volts 

Min 

Device Type 

hPE 

Min/Max 

@ *0 
Amp 

Resistive Switching 

fr 

MHz 

Min 

Pp (Case) 
Watts 
@ 25“C 

flS 

Max 

tf 

7*s 

Max 

@ ic 

Amp 

NPIM 

PNP 

8 

120 

BDX53D## 

BDX54D## 

750 min 

3 




4# 

60 



MJE15028 

MJE15029 

20 min 

4 




30 

50 


150 

MJE15030 

MJE15031 

20 min 

4 




30 

50 



BU807## 


100 min 

5 

0.55 typ 

0.2 typ 

5 


60 


200 

BU806## 


100 min 

5 

0.55 typ 

0.2 typ 

5 


60 


300 

MJE13006 


5/30 

5 

3 

0.7 

5 

4 

80 



MJE5740## 


200 min 

4 

8 typ 

2 typ 

6 


80 




MJE5850 

15 min 

2 

2 

0.5 

4 


80 


350 

MJE5741## 


200 min 

4 

8 typ 

2 typ 

6 


80 




MJE5851 

15 min 

2 

2 

0.5 

4 


80 


400 

MJE5742## 


200 min 

4 

8 typ 

2 typ 

6 


80 



MJE13007 


5/30 

5 

3 

0.7 

5 

4 

80 




MJE5852 

15 min 

2 

2 

0.5 

4 


80 



MJE16080 


5 min 

8 

2 

0.5 

5 


80 


450 

MJE16080 


5 min 

8 

2 

0.5 

5 


80 

10 

30 


045H1 

20 min 

4 





50 




D45H2 

40 min 

4 





50 


40 

D44E1## 


1000 min 

5 

2 typ 

0.5 typ 

10 


50 


45 

BDX33## 

BDX34## 

750 min 

4 




3 

70 



BD805 

BD806 

15 min 

4 




1.5 

90 




D45H4 

20 min 

4 





50 



D44H5 

D45H5 

40 min 

4 





50 


60 

BDX33A## 

BDX34A## 

750 min 

4 




3 

70 



BD807 

BD808 

15 min 

4 




1.5 

90 



D44H7 

D45H7 

20 min 

4 





50 



D44H8 

D45H8 

40 min 

4 

, 




50 




D45H9 

40 min 

4 





50 



MJE2801T 


25/100 

3 





75 



MJE3055T 

MJE2955T 

20/70 

4 





75 



2N6387## 

2N6667## 

1k/20k 

5 




20# 

65 



SE9300 

SE9400 

Ik min 

4 




1# 

70 


80 

BDX33B## 

BDX34B## 

750 min 

3 




3 

70 



BD809 

BD810 

1 15 min 

4 



1 / ■ ■ 

1.5 

90 



D44E3## 


1000 min 

5 

2 typ 

0.5 typ 

10 

1 

50 




D45H12 

40 min 

4 





50 



2N6388## 

2N6668## 

1k/20k 

5 




20# 

65 



D44H10 

D45H10 

20 min 

4 

0.5 typ 

0.14 typ 

! 5 

50 typ j 

50 



D44H11 

D45H11 

40 min 

4 

0.5 typ 

0.14 typ 

1 . ^ 

50 typ 

50 



SE9301 

SE9401 

Ik min 

4 




1# 

70 


100 

BDX33C## 

BDX34C## 

750 min 

3 




3 

70 



SE9302 

SE9402 

Ik min 

4 




1# 

70 

12 

300 

MJE13008 


6/30 ’ 

8 

3 

0.7 

8 

4 

100 


400 

MJE13009 


6/30 

8 

3 

0.7 

8 

4 

100 

15 

30 

D44VH1 

D45VH1 

20 min 

4 

0.7 

0.09 

8 

50 typ 

83 


40 

2N6486 

2N6489 

20/150 

5 

0.6 typ 

0.3 typ 

5 

5 

75 


45 

D44VH4 

D45VH4 

20 min 

4 

0.5 

0.09 

8 

50 typ 

83 


60 

2N6487 

2N6490 

20/150 

5 

0.6 typ 

0.3 typ 

5 

5 

75 


1 

D44VH7 


20 min 

4 

0.5 

0.09 

8 

50 typ 

83 


80 

2IM6488 

2N6491 

20/150 

5 

0.6 typ 

0.3 typ 

5 

5 

75 


^ i 

D44VH10 

D45VH10 

20 min 

4 

0.5 

0.09 

8 

50 typ 

83 


# |hfel 1 MHz, ## Darlington 
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TABLE 7 — PLASTIC TO-225AA PACKAGE (Formerly TO-126) 


STYLE 1 : 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


CASE 77-04 
PLASTIC 



STYLE 3: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 


IcCont 

Amps 

Max 

VCEO(sus) 

Volts 

Min 

Device Type 

hpE 

Min/Max 

@ ic 

Amp 

Resistive Switching 

MHz 

Min 

Pd (Case) 
Watts 
@ 25°C 

ts 

flS 

Max 

tf 

flS 

Max 

@ Ic 

Amp 

NPN 

PNP 

0.3 

250 

MJE3440 


40/160 

0.02 




15 

15 


350 

MJE3439 


40/160 

0.02 




15 

15 

0.5 

150 

MJE341 


25/200 

0.05 




15 

20.8 


200 

MJE344 


30/300 

0.05 




15 

20.8 


250 

2N5655 


30/250 

0.1 

3.5 typ 

0.24 typ 

0.1 

10 

20 



BD157 


30/240 

0.05 





20 


300 

BD158 


30/240 

0.05 





20 



BD232 


20 min 

0.15 





20 



MJE340 

MJE350 

30/240 

0.05 





20.8 



2N5656 


30/250 

0.1 

3.5 typ 

0.24 typ 

0.1 

10 

20 


350 

2N5657 


30/250 

0.1 

3.5 typ 

0.24 typ 

0.1 

10 

20 



BD159 


30/240 

0.05 





20 

1 

40 

2N4921 

2N4918 

20/100 

0.5 

0.6 typ 

0.3 typ 

0.5 

3 

30 


60 

2N4922 

2N4919 

20/100 

0.5 

0.6 typ 

0.3 typ 

0.5 

3 

30 


80 

2N4923 

2N4920 

20/100 

0.5 

0.6 typ 

0.3 typ 

0.5 

3 

30 

1.5 

40 

MJE720 


8 min 

1 





20 


45 

BD165 

BD166 

15 min 

0.5 




6 

20 



BD135 

BD136 

40/250 

0.15 





12.5 



BD135.6 

BD136.6 

40/100 

0.15 





12.5 



BD135.10 

BD136.10 

63/160 

0.15 





12.5 



BD135.16 

BD136.16 

100/250 

0.15 





12.5 


60 

BD167 

BD168 

15 min 

0.5 




6 

20 



BD137 

BD138 

40/250 

0.15 





12.5 



BD137.6 

BD138.6 

40/100 

0.15 





12.5 



BD137.10 

BD138.10 

63/160 

0.15 





■ 12.5 



BD137.16 

BD138.16 

100/250 

0.15 





12.5 


80 

BD169 

BD170 

15 min 

0.5 




6 

20 



BD139 

BD140 

40/250 

0.15 





12.5 



BD139.6 

BD140.6 

40/100 

0.15 





12.5 



BD139.10 

BD140.10 

63/160 

0.15 





12.5 



BD139.16 

BD140.16 

100/250 

0.15 





12.5 


300 

MJE13002* 


5/25 

1 

4 

0.7 

1 

5 

40 


400 

MJE13003« 


5/25 

1 

4 

0.7 

1 

5 

40 

2 

45 

BD233 

BD234 

25 min 

1 




3 

25 


60 

BD235 

BD236 

25 min 

1 




3 

25 


80 

BD237 

BD238 

25 min 

1 




3 

25 


100 

MJE270 

MJE271 

1.5k min 

0.12 




6 

15 

3 

30 

MJE520 

MJE370 

25 min 

1 





25 


• Case 77 (Style 3), # |hfe| (« 1 MHz, ## Darlington 


(continued) 
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TABLE 7 — PLASTIC TO-225AA PACKAGE (Formerly TO-126) (continued) 


IcCont 

Amps 

Max 

VcEO(sus) 

Volts 

Min 

Device Type 

hpE 

Min/Max 

@ ic 

Amp 

Resistive Switching 

h 

MHz 

Min 

pQ (Case) 
Watts 
@ 25°C 

ts 

MS 

Max 

tf 

MS 

Max 

@ Ic 
Amp 

NPN 

PNP 

3 

40 

MJE180 

MJE170 

50/250 

0.1 

0.6 typ 

0.12 typ 

0.1 

50 

12.5 


45 

BD175 

BD176 

40/250 

0.15 




3 

30 



BD175.6 

BD176.6 

40/100 

0.15 




3 

30 



BD175.10 

BD176.10 

63/160 

0.15 




3 

30 



BD175.16 

BD176.16 

100/250 

0.15 




3 

30 


60 

BD177 

BD178 

40/250 

0.15 




3 

30 



BD177.6 

BD178.6 

40/100 

0.15 




3 

30 



BD177.10 

BD178.10 

63/160 

0.15 




3 

30 



BD177.16 

BD178.16 

100/250 

0.15 




3 

30 



MJE181 

MJE171 

50/250 

0.1 

0.6 typ 

0.12 typ 

0.1 

50 

12.5 


80 

BD179 

BD180 

40/250 

0.15 




3 

30 



BD179.6 

BD180.6 

40/100 

0.15 




3 

30 



BD179.10 

BD180.10 

63/160 

0.15 




3 

30 



BD179.16 

BD180.16 

100/250 

0.15 




3 

30 



MJE182 

MJE172 

50/250 

0.1 

0.6 typ 

0.12 typ 

0.1 

50 

12.5 


200 

BUY49P 


30 min 

0.5 




25 

20 

4 

20 

BD433 

BD434 

50 min 

2 



, 



3 

36 


30 

B0185 

BD186 

15 min 

2 




20 

40 



BD435 

BD436 

50 min 

2 




3 

36 


40 

2N5190 

2N5193 

25/100 

1.5 

0.4 typ 

0.4 typ 

1.5 

2 

40 



MJE521 

MJE371 

40 min 

1 





40 



2N6037## 

2N6034## 

750/1 8k 

2 

1.7 typ 

1.2 typ 

2 

25 

40 


45 

BD187 

BD188 

15 min 

2 




20 

40 



BD437 

BD438 

40 min 

2 




3 

36 



BD675## 

BD676## 

750 min 

1.5 





40 



BD675A## 

BD676A## 

750 min 

2 





40 



BD785 

BD786 

20 min 

2 




50 

15 



BD775## 

BD776## 

750 min 

2 




20 

15 


60 

BD189 

BD190 

15 min 

2 




20 

40 



BD439 

BD440 

25 min 

2 




3 

36 



BD677## 

BD678## 

750 min 

1.5 





40 



BD677A## 

BD678A## 

750 min 

2 





40 



BD787 

BD788 

20 min 

2 




50 

15 



BD777## 

BD778## 

750 min 

2 




20 

15 



2N5191 

2N5194 

25/100 

1.5 

0.4 typ 

0.4 typ 

1.5 

2 

40 



MJE800## 

MJE700## 

750 min 

1.5 




1# 

40 



MJE801## 

MJE701## 

750 min 

2 




1# 

40 



2N6038## 

2N6035 ## 

750/1 8k 

2 

1.7 typ 

1.2 typ 

2 

25 

40 


80 

2N5192 

2N5195 

25/100 

1.5 

0.4 typ 

0.4 typ 

1.5 

2 

40 



BD441 

BD442 

15 min 

2 




3 

36 



BD679## 

BD680## 

750 min 

1.5 





40 



BD679A## 

BD680A## 

750 min 

2 





40 



BD789 

BD790 

10 min 

2 




40 

15 



BD779## 

BD780## 

750 min 

2 




20 

15 



MJE802## 

MJE702## 

750 min 

1.5 




1# 

40 



MJE803## 

MJE703## 

750 min 

2 




1# 

40 



2N6039## 

2N6036## 

750/1 8k 

2 

1 .7 typ 

1.2 typ 

2 

25 

40 


100 

BD681## 

BD682## 

750 min 

1.5 





40 



BD791 

BD792 

10 min 

2 




40 

15 



MJE243 

MJE253 

40/120 

0.2 

0.7 typ 

0.08 typ 

0.2 

40 

15 

5 

25 

MJE200 

MJE210 

45/180 

2 

0.13 typ 

0.035 typ 

2 

65 

15 


• Case 77 (Style 3), # |hfel (« 1 MHz, ## Darlington 
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TABLE 8 — PLASTIC TO-225AB (Formerly TO-127) 


STYLE 2; 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


CASE 90-05 
PLASTIC 



3 


IcCont 

Amps 

Max 

VCEO(sus) 

Volts 

Min 

Device Type 

hpE 

Min/Max 

@ ic 

Amp 

Resistive Switching 

Lr 

MHz 

Min 

Pd (Case) 
Watts 

Ca^ 25“C 

ts 

fXS 

Max 

flS 

Max 

@ Ic 

Amp 

NPN 

PNP 

5 

50 


MJE105 

25/100 

2 





65 


60 

MJE1100## 

MJE1090## 

750 min 

3A 




1 

70 



MJE1101## 


750 min 

4A 




1 

70 


80 

MJE1102## 

MJE1092## 

750 min 

3A 




1 

70 



MJE1103## 

MJE1093## 

750 min 

4A 




1 

70 

8 

60 

MJE6043## 

MJE6040## 

1k/20k 

4 

1 .5 typ 

1.5 typ 

4 


75 


80 

MJE6044## 

MJE6041## 

1k/20k 

4 

1.5 typ 

1.5 typ 

4 

4# 

75 


100 

MJE6045## 


1k/20k 

4 

1.5 typ 

1.5 typ 

4 

4# 

75 

10 

45 


BD206 

15 min 

4 




1.5 

90 


60 

BD207 

BD208 

15 min 

4 




1.5 

90 



MJE2801 

MJE2901 

25/100 

3 





90 



MJE3055 

MJE2955 

20/70 

4 




2 

90 

12 

40 

2N5989 

2N5986 

20/120 

6 

0.5 typ 

0.25 typ 

6 

2 

100 


60 


2N5987 

20/120 

6 

0.5 typ 

0.25 typ 

6 

2 

100 


80 

2N5991 

2N5988 

20/120 

6 

0.5 typ 

0.25 typ 

6 

2 

100 

15 

40 

MJE1660 


20/100 

5 




3 

90 


60 

MJE1661 


20/100 

5 




3 

90 


# |hfel (d 1 MHz, ## Darlington 


TABLE 9 — PLASTIC CASE 152 


STYLE 1 : 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 

(COLLECTOR CONNECTED TO TAB) 



IcCont 

Amps 

Max 

VCEO(sus) 

Volts 

Min 

Device Type 

hpE 

Min/Max 

^ Ic 

Amp 

Resistive Switching 

^T 

MHz 

Min 

Pd (Case) 
Watts 

Ca> 25°C 

flS 

Max 

tf 

flS 

Max 

(w Ic 
Amp 

NPN 

PNP 

0.5 

300 

MPS-U10 

MPS-U60 

30 min 

0.03 




60 

10 

0.8 

40 

MPS-U02 

MPS-U52 

30 min 

0.5 




150 

10 

1 

120 

MPS-U03 


40 min 

0.01 




100 

10 


180 

MPS-U04 


40 min 

0.01 




100 

10 

2 

20 

BD505 

BD506 

40 min 

1 




50 

10 


30 

BD507 

BD508 

40 min 

1 




50 

10 



MPS-U01 

MPS-U51 

50 min 

1 




50 

10 


40 

BD509 

BD510 

40 min 

1 




50 

10 



MPS-U01A 

MPS-U51A 

50 min 

1 




50 

10 



MPS-U45## 

MPS-U95## 

4k min 

1 




100 

10 
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TABLE 9 — PLASTIC CASE 152 (continued) 


IcCont 

Amps 

Max 

VCEO(sus) 

Volts 

Min 

Device Type 

hpE 

Min/Max 

@ ic 

Amp 

Resistive Switching 

fr 

MHz 

Min 

Pd (Case) 
Watts 
@ 25X 

*s 

/iS 

Max 

tf 

flS 

Max 

@ Ic 

Amp 

NPN 

PNP 

2 

45 

BD515 

BD516 

25 min 

0.5 




50 

10 


60 

BD517 

BD518 

25 min 

0.5 




50 

10 



MPS-U05 

MPS-U55 

60 min 

0.25 




50 

10 


80 

BD519 

BD520 

25 min 

0.5 




50 

10 



MPS-U06 

MPS-U56 

60 min 

0.25 




50 

10 


100 

BD529 

BD530 

30 min 

0.25 




50 

10 



MPS-U07 

1 

MPS-U57 

30 min 

0.25 




50 

10 


## Darlington 


TABLE 10 — DPAK — SURFACE MOUNT POWER PACKAGE 



STYLE 1 : 

1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


IcCont 

Amps 

Max 

VCEO(sus) 

Volts 

Min 

Device Type* 

hPE 

Min/Max 

@ Ic 

Amp 

Resistive Switching 

tr 

MHz 

Min 

Pd (Case) 
Watts 
@ 25X 

ts 

fXS 

Typ 

tf 

flS 

Typ 

@ Ic 

Amp 

NPN 

PNP 

0.5 

300 

MJD340 

MJD350 

30/240 

0.05 





15 

1 

40 

MJD29 

MJD30 

15/75 

1 

0.6 

0.3 

1 

3 

15 

100 

MJD29C 

MJD30C 

15/75 

1 

0.6 

0.3 

1 

3 

15 

250 

MJD47 


30/150 

0.3 

2 

0.2 

0.3 

10 

15 

400 

MJD50 


30/150 

0.3 

2 

0.2 

0.3 

10 

20 

1.5 

400 

MJD13003 


5/25 

1 

4 max 

0.7 max 

1 

4 

15 

2 

100 

MJD112## 

MJD117## 

500 min 

2 

1.7 

1.3 

2 

25# 

20 

3 

40 

MJD31 

MJD32 

25 min 

1 

0.6 

0.3 

1 

3 

15 

100 

MJD31C 

MJD32C 

25 min 

1 

0.6 

0.3 

1 

3 

15 

4 

80 

MJD6039## 

MJD6036## 

1k/12k 

2 1 

1.7 

1.2 

2 

25 

20 

5 

25 

MJD200 

MJD210 

45/180 

2 

0.15 

0.04 

2 

65 

12.5 

6 

100 

MJD41C 

MJD42C 

15/75 

3 

0.4 

0.15 

3 

3 

20 

8 

80 

MJD44H11 

MJD45H11 

40 min 

4 

0.5 

0.14 

5 

50 typ 

20 

100 

MJD122## 

MJD127## 

1k/12k 

4 

1.5 

2 

4 

4# 

20 

10 

60 

MJD3055 

MJD2955 

20/100 

4 

1.5 

1.5 

3 

2 

20 

80 

MJD44E3## 


Ik min 

5 

2 

0.5 

10 


20 


## Darlington 

* Case 369-03 may be ordered by adding -1 suffix to part number 

TABLE 11 — PLASTIC MO-040AA^ 

CASE 353-01 


IcCont 

Amps 

Max 

VCEO(sus) 

Volts 

Min 

Device Type 

hpE 

Min/Max 

(a Ic 
Amp 

ts 

ns 

Max 

tf 

ns 

Max 

c« Ic 

Amp 

Pd (Case) 
Watts 
(« 25°C 

NPN 

PNP 

50 

450 

MJ10044## 


50 min 

50 

3.8 

1.3 

50 

250 

100 

250 

MJ10047## 


75 min 

100 

4 

1 

100 

250 



MJ10048## 


75 min 

100 

20 

8 

100 

250 


## Darlington t Not recommended for new designs — consult Motorola. 






Selection By Major Product Categories 


TABLE 12 — MILITARY SPECIFIED POWER TRANSISTORS 








Resistive Switching 




IcCont 

Amps 

VCEO(sus) 

Volts 

Device Type 

hpE 

@ ic 

ts 

fis 

tf 

fXS 

@ic 

h- 

MHz 

Pq (Case) 
Watts 

Case 



Max 

Min 

NPN/# 

PNP/# 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@ 25°C 

JEDEC/MOT 

1 

300 

2N3739J,/402A 
TX, TXV 


40/200 

0.1 

3.5* 


0.5 

10 

20 

■ 

TO-213AA/80 

3 

40 


2N3867J,/350A 
TX, TXV 

40/200 

1.5 

0.5 

0.1 

1.5 

60 

10 

TO-205AA/31 




2N3867SJ,350A 
TX, TXV 

40/200 

1.5 

0.5 

0.1 

1.5 

60 

10 

TO-205AD/79 


60 


2N3868J,/350A 
TX, TXV 

30/150 

1.5 

0.5 

0.1 

1.5 

60 

10 

TO-205AA/31 




2N3868SJ,/350A 
TX, TXV 

30/150 

1.5 

0.055 

0.035 

1.5 

60 

5 

TO-205AD/79 

4 

60 


2N3740J,/441A 
TX, TXV 

30/100 

0.25 

1* 


1 

5 

25 

TO-213AA/80 



2N3766J,/518 

TX, TXV 


40/160 

0.5 

2.5* 


0.5 

10 

25 

TO-213AA/80 


80 


2N3741J,/441A 
TX, TXV 

30/100 

0.25 

1* 



5 

25 

TO-213AA/80 



2N3767J,/518 

TX, TXV 


40/160 

0.5 

2.5* 


0.5 

10 

25 

TO-213AA/80 

5 

100 

2N5339J/560 

2N6193J/561 

60/240 

2 

2 

0.2 

2 

30 

6 

TO-205AD/79 



TX, TXV 

TX, TXV 









8 

60 

2N6300J,/540** 

2N6298J,/540** 

750/1 8k 

4 

8* 


4 

25 

75 

TO-213AA/80 



TX, TXV 

TX, TXV 










80 

2N6301J,/540** 

2N6299J,/540** 

750/1 8k 

4 

8* 


4 

25 

75 

TO-213AA/80 



TX, TXV 

TX, TXV 










250 

2N6306J,/498 


15/75 

3 

3* 


3 

5 

125 

TO-204/1 


350 

2N6308J,/498 


12/60 

3 

3* 


3 

5 

125 

TO-204/1 

10 

1 

40 

2N6383J./523** 

2N6648J,527 

lk/20k 

5 

10* 


5 

20 

100 

TO-204/1 



TX, TXV 

TX, TXV 












2N6648J,/527** 
TX, TXV 

1k/20k 

5 

10* 

i 

i 

5 " 

50 

85 

TO-204/1 


60 

2N3715J,/408B 

2N3791J,/379B 

30/120 

3 

2* 

1 

5 

4 

150 

TO-204/1 



TX, TXV 
2N6384J,/523** 
TX, TXV 

TX, TXV 

1k/20k 

5 

10* 


5 

20 

100 

TO-204/1 




2N6649J,/527 

TX, TXV 

1k/20k 

5 

10* 


5 

50 

85 

TO-204/1 


80 

2N3716J,/408B 

2N3792J,/379B 

30/120 

3 

2* 


5 

4 

150 

TO-204/1 



TX, TXV 
2N6385J,/523** 
TX, TXV 

TX, TXV 

1k/20k 

■ 

5 

10* 


5 

20 

100 

TO-204/1 




2N6650J,/527** 
TX, TXV 

lk/20k 

5 

10* 

1 

5 

50 

1 

85 

TO-204/1 

12 

80 

2N6058J,y502** 

2N6051J,/501** 

1k/18k 

6 

10* 


5 

1 

10 

150 

TO-204/1 



TX, TXV 

TX, TXV 










100 

2N6059J,/502** 

2N6052J,/501** 

1k/18k 

6 

10* 


5 

10 

150 

TO-204/1 



TX, TXV 

TX, TXV 









15 

300 

2N6546J,/525 

TX 

1 

12/60 

5 

4.7* 


10 

6 

175 

TO-204/1 


# MIL-S-19500 Detailed *toff "Consult 

Spec, shown by Factory for 

Devicfe Type qualification 

status. 
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TABLE 12 — MILITARY SPECIFIED POWER TRANSISTORS (continued) 


— 






Resistive Switching 




IcCont 

Amps 

VCEO(sus) 

Volts 

Device Type 

hPE 

@ ic 

ts 

flS 

tf 

flS 

@ Ic 

h- 

MHz 

Pd (Case) 
Watts 

Case 



Max 

Min 

NPN/# 

PNP/# 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@ 25^C 

JEDEC/MOT 

15 

400 

2N6547J,/525 

TX 


12/60 

5 

4.7* 


10 

6 

175 

TO-204/1 

20 

75 

2N5039J,/439 

TX, TXV** 


30/150 

2 

2* 


10 

60 

140 

TO-204/1 


80 

2N5303J,/456A 

2N5745J,433 

15/60 

10 

• 

3* 


10 

2 

200 

TO-204/1 



TX, TXV 

TX, TXV 











2N6283J,/504** 

2IM6286J,/505** 

1250/1 8k 

10 

10* 


10 

8 

175 

TO-204/1 



TX, TXV 

TX, TXV 










90 

2N5038J/439 

TX, TXV** 


50/200 

2 

2* 


12 

60 

140 

TO-204/1 


100 

2N6284J,/504** 

2N6287J,/505 

1250/1 8k 

10 

10* 


10 

8 

175 

TO-204/1 



TX,TXV 

TX, TXV 









25 

100 

2N6338J,/509 

TX, TXV** 


30/120 

10 

1 


10 

40 

200 

TO-204/1 

j 



2N6437J,/508 

TX, TXV** 

30/120 

10 

1 

' 

10 

' 

40 

200 

TO-204/1 


120 


2N6438J,/509 

TX, TXV** 

30/120 

10 

1 

1 

10 

40 

200 

TO-204/1 


150 

2N6341J,/509 

TX, TXV** 


30/120 

1 ■ 

1 


10 

' 

40 

200 

TO-204/1 

30 

60 

2N5302J,/456A 

2N4399J,/433 

15/60 

15 

3* 


TO 

2 

200 

TO-204/1 



TX, TXV 

TX, TXV 









50 

60 

2N5685J,/464 

2N5683J,/466 

15/60 

25 

3* 


1 25 

2 

300 

TO-204/197 



TX, TXV 

TX, TXV 








MOD 


80 

2N5686J,/464 

2IM5684J,/466 

15/60 

25 

3* 


25 

2 

300 

TO-204/197 



TX, TXV 

TX, TXV 








MOD 


100 

2N6274J,/514 

2N6378J,/515 

30/120 

20 

1.05* 


20 

30 

250 

TO-204/197 



TX, TXV** 

TX, TXV** 








MOD 


120 


2N6379J,/515 

30/120 

20 

1.05* 


20 

30 

250 

TO-204/197 




TX, TXV** 








MOD 


150 

2N6277J,/514 

TX, TXV** 


30/120 

20 

1.05* 


20 

30 

250 

TO-204/197 


# MIL-S-19500 Detailed * toff ** Consult 

Spec, shown by Factory for 

Device Type qualification 

status. 


TABLE 13 — POWER DARLINGTONS 


IcCont 

Amps 

Max 

VCEO(sus) 

Volts 

Min 

Device Type 

hpE 

Min/Max 

@ Ic 

Amp 

— 

Resistive Switching 

Ihfel @ 

1 MHz 
Min 

Pp (Case) 
Watts 
@ 25X 

Case 

JEDEC/MOT 

^s 

flS 

Max 

tf 

fXS 

Max 

- 1 

NPN 

PNP 

2 

40 

MPS-U45 

MPS-U95 

4k min 

1 

. 

, 


100 

10 

/1 52 


60 

TIP110 

TIP1 15 

Ik min 

1 

2 typ 

1 typ 

1 

25 i 

50 

TO-220/221A 


80 

TIP1 11 

TIP1 16 

Ik min 

1' 

2typ 

1 typ 


■ 1 

25 

50 

TO-220/221A 


100 

TIP1 12 

TIP1 17 

Ik min 

1 

2 typ 

1 typ 

1 

25 

50 

TO-220/221A 

_J 


MJE270 

MJE271 

1.5k min 

0.12 




6 

25 

TO-225AA/77 


(continued) 
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TABLE 13 — POWER DARLINGTONS (continued) 


IcCont 

Amps 

Max 

VcEO(sus) 

Volts 

Min 

Device Type 

hpE 

Min/Max 

@ ic 

Amp 

Resistive Switching 

Ihfel @ 

1 MHz 
Min 

Pd (Case) 
Watts 
@ 25“C 

Case 

JEDEC/MOT 

ts 

flS 

Max 

tf 

flS 

Max 

@ Ic 

Amp 

NPN 

PNP 

4 

40 

MJE3300 

MJE3310 

Ik min 

1 




20 

15 

TO-225AA/77R 



2N6037 

2N6034 

750/Ik 

2 

1.7 typ 

1.2 typ 

2 

25 

40 

TO-225AA/77 


45 

BD675 

BD676 

750 min 

1.5 





40 

TO-225AA/77 



BD675A 

B0676A 

750 min 

2 





40 

TO-225AA/77 



BD775 

BD776 

750 min 

2 




20 

15 

TO-225AA/77 


60 

BD677 

BD678 

750 min 

1.5 





15 

TO-225AA/77 



BD677A 

BD678A 

750 min 

2 





40 

TO-225AA/77 



BD777 

BD778 

750 min 

2 




20 

40 

TO-225AA/77 



MJE3301 


Ik min 

1 




20 

15 

TO-225AA/77R 



MJE800 

MJE700 

750 min 

1.5 




1 

40 

TO-225AA/77 



MJE800T 

MJE700T 

750 min 

1.5 




1 

40 

TO-220/221A 



MJE801 

MJE701 

750 min 

2 




1 

40 

TO-225AA/77 



2N6038 

2N6035 

750/1 8k 

2 

1.7 typ 

1.2 typ 

2 

25 

40 

TO-225AA/77 



2N6294 

2N6296 

750/1 8k 

2 

0.9 typ 

0.7 typ 

2 

4 

50 

TO-213AA/80 


80 

BD679 

BD680 

750 min 

1.5 





40 

TO-225AA/77 



BD679A 

BD680A 

750 min 

2 





40 

TO-225AA/77 



BD779 

BD780 

750 min 

2 




20 

15 

TO-225AA/77 



MJE802 

MJE702 

750 min 

1.5 





40 

TO-225AA/77 



MJE803 

MJE703 

750 min 

2 





40 

TO-225AA/77 



2N6039 

2N6036 

750/1 8k 

2 

1.7 typ 

1.2 typ 

2 

25 

40 

TO-225AA/77 



2N6295 

2N6297 

750/1 8k 

2 

0.9 typ 

0.7 typ 

2 

4 

50 

TO-213AA/80 


100 

BD681 

BD682 

750 min 

1.5 





40 

TO-225AA/77 

5 

60 

MJE1100 

MJE1090 

750 min 

3A 




1 

70 

TO-225AB/90 



MJE1101 

MJE1091 

750 min 

4A 




1 

70 

TO-225AB/90 



TIPI 20 

TIPI 25 

Ik min 

3 

1 .5 typ 

1 .5 typ 

3 

4 

65 

TO-220/221A 


80 

MJE1102 

MJE1092 

750 min 

3A 




1 

70 

TO-225AB/90 



MJE1103 

MJE1102 

750 min 

4A 




1 

70 

TO-225AB/90 



TIP121 

TIPI 26 

Ik min 

3 

1 .5 typ 

1 .5 typ 

3 

4 

65 

TO-220/221A 


100 

TIPI 22 

TIPI 27 

Ik min 

3 

1.5 typ 

1 .5 typ 

3 

4 

65 

TO-220/221A 

7 

300 

MJ3041 


250 min 

2.5 





100 

TO-204/1 


350 

MJ3042 


250 min 

2.5 





100 

TO-204/1 


375 

BU522 


250 min 

2.5 




7.5 

75 

TO-220/221A 


425 

BU522A 


250 min 

2.5 




7.5 

75 

TO-220/221A 


450 

BU522B 


250 min 

2.5 




7.5 

75 

TO-220/221A 

8 

40 

2N6386 


1k/20k 

3 




20 

65 

TO-220/221A 


45 

BDX53 

BDX54 

750 min 

3 




4 

60 

TO-220/221A 



BD895 

BD896 

750 min 

3 




1 

70 

TO-220/221A 



B0895A 

BD896A 

750 min 

4 




1 

70 

TO-220/221A 


60 

BDX53A 

BDX54A 

750 min 

3 




4 

60 

TO-220/221A 



BD897 

B0898 

750 min 

3 




1 

70 

TO-220/221A 



BD897A 

BD898A 

750 min 

4 




1 

70 

TO-220/221A 



MJ1000 

MJ900 

Ik min 

3 





90 

TO-204/1 1 



TIP100 

TIPI 05 

1k/20k 

3 

1 .5 typ 

1.5 typ 

3 

4 

80 

TO-220/221A 



2N6043 

2N6040 

Ik/lOk 

4 

1 .5 typ 

1.5 typ 

3 

4 

75 

TO-220/221A 



2N6300 

2N6298 

750k/18k 

4 

1 .5 typ 

1.5 typ 

4 

4 

75 

TO-213AA/80 



2N6055 

2N6053 

750k/18k 

4 

1 .5 typ 

1 .5 typ 

4 

4 

100 

TO-204/11 



MJE6043 

MJE6040 

1k/20k 

4 

1 .5 typ 

1 .5 typ 

4 

2 

75 

TO-225AB/90 


80 

BDX53B 

BOX54B 

750 min 

3 




4 

60 

TO-220/221A 



BD899 

BD900 

750 min 

3 




1 

70 

TO-220/221A 



BD899A 

BD900A 

750 min 

4 




1 

70 

TO-220/221A 



MJ1001 

MJ901 

Ik min 

3 





90 

TO-204/1 1 



TIP101 

TIPI 06 

1k/20k 

3 

1 .5 typ 

1.5 typ 

3 

4 

80 

TO-220/221A 


(continued) 
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TABLE 13 — POWER DARLINGTONS (continued) 


IcCont 

Amps 

Max 

VCEO(sus) 

Volts 

Min 

Device Type 

hpE 

Min/Max 

@ ic 

Amp 

Resistive Switching 

Ihfel @ 

1 MHz 
Min 

Pd (Case) 
Watts 
@ 25°C 

Case 

JEDEC/MOT 

ts 

fXS 

Max 

tf 

MS 

Max 

@ Ic 

Amp 

NPN 

PNP 

8 


2N6044 

2N6041 

Ik/lOk 

4 

1.5 typ 

1.5 typ 

3 

4 

75 

TO-220/221A 



2N6301 

2N6299 

750k/18k 

4 

1.5 typ 

1.5 typ 

4 

4 

75 

TO-213A/80 



2N6056 

2N6054 

750k/18k 

4 

1.5 typ 

1.5 typ 

4 

4 

100 

TO-204A/1 1 



MJE6044 

MJE6041 

1k/20k 

4 

1.5 typ 

1,5 typ 

4 

2 

. 75 

TO-225AB/90 


100 

BDX53C 

BDX54C 

750 min 

3 



. 

4 

60 

TO-220/221A 



BD901 

BD902 

750 min 

3 




1 

70 

TO-220/221A 



MJE6045 


1k/20k 

4 

1.5 typ 

1.5 typ 

4 

2 

75 

TO-225AB/90 



TIPI 02 

TIPI 07 

1k/20k 

3 

1 .5 typ 

1.5 typ 

3 

4 

80 

TO-220/221A 



2N6045 

2N6042 

Ik/lOk 

4 

1 .5 typ 

1.5 typ 

3 

4 

75 

TO-220/221A 


120 

BDX53D 

BDX54D 

750 min 

3 




4 

60 

TO-220/221A 

. 


150 

BU807* 


100 min 

5 

0.55 typ 

0.2 typ 

5 


60 

TO-220/221A 


200 

BU806« 


100 min 

5 

0.55 typ 

0.2 typ 

5 


60 

TO-220/221A 


300 

MJE5740 


200/400 

4 

8 typ 

2 typ 

6 


80 

TO-220/221A 


350 

MJE5741 


200/400 

4 

8 typ 

2 typ 

6 


80 

TO-220/221A 


400 

MJE5742 


200/400 

4 

8 typ 

2 typ 

6 


80 

TO-220/221A 


500 

BUT50Pe 


30 min 

2 

0.75 typ 

0.1 typ 

5 


100 

TO-2 18/340 


1400* 

MJ10011 


20 min 

4 



1 

4 

80 

TO-204/1 

10 

40 

2N6383 

2N6648 

1k/20k 

5 




20 

too 

TO-204/1 1 



D44E1 


1000 min 

5 

2 typ 

0.5 typ 

10 


50 

TO-220/221A 


45 

BDX33 

BDX34 

750 min 

4 




3 

70 

10.-220/221 A 


60 

BOV65 

BDV64 

Ik min 

5 





125 

TO-2 18/340 



BDX33A 

BDX34A 

750 min 

4 




3 

70 

TO-220/221A : 



MJ3000 

MJ2500 

Ik min 

5 





150 

TO-204/1 



2N6387 

2N6667 

1lc/20k 

5 




20 

65 

TO-220/221A 



2N6384 


1k/20k 

5 

. 



20 

100 

TO-204/1 1 



1 D44E2 


1000 min 

5 

2 typ 

0.5 typ 

10 


50 

TO-220/221A 



1 TIP140 

TIP145 

500 min 

10 

2,5 typ 

2.5 typ 

5 

4 

125 

TO-2 18/340 


80 

2N6388 

2N6668 

1k/20k 

5 




20 

65 

TO-220/221A 



2N6385 


1k/20k 

5 




20 

100 

TO-204/1 1 



BDV65A 

BDV64A 

Ik min 

5 





125 

TO-2 18/340 



BDX33B 

BDX34B 

750 min 

3 




3 

70 

TO-220/221A 



P44E3 


1000 min 

5 

2 typ 

0.5 typ 

10 


50 

TO-220/221A 



TIP141 

TIPI 46 

500 min 

10 

2.5 typ 

2.5 typ 

5 

4 

125 

TO-2 18/340 


100 

BDV65B 

BDV64B 

Ik min 

5 





125 

TO-2 18/340 



BDX33C 

BDX34C 

750 min 

3 




3 

70 

TO-220/221A 



TIP142 

TIPI 47 

500 min 

10 

2.5 typ 

2.5 typ 

5. -i 

4 

125 

TO-2 18/340 


120 

BDV65C 

BDV64C 

Ik min 

5 





125 

TO-2 18/340 



BDX33D 

BDX34D 

750 min 

3 




3 

■ 70 

TO-220/221A 


200 

BU323P 


150 min 

i 

6 

. ‘15 

15 

6 , 


, 125 

TO-2 18/340 


250 

BU323AP 


1 

150 min 

6 

15 

15 

6 


125 

TO-2 18/340 


350 

BU323 


150 min 

6 

7.5 typ 

5.2 typ 

6 


175 

TO-204/1 



MJ10002 


30/300 

5 

2.5 

1 

5 ^ 

10 

150 

TO-204/1 



MJ10006« 


30/300 

5 

1.5 

0.5 

5 ' 

10 

150 

TO-204/1 


400 

1 BU323A 


150 min 

6 

7.5 typ 

5.2 typ 

6 


175 

TO-204/1 



MJH10012 


100/2k 

6 

15 

15 

6 


118 

TO-2 18/340 



1 MJ10007« 


30/300 

5 

1.5 

0.5 

5 

10 

150 

TO-204/1 



MJ10012 


100/2k 

6 

15 

15 

6 


175 

TO-204/1 


600 

MJ10014* 


10/250 

10 

2.5 

0.8 

10 


175 

TO-204/1 


• Darlington with speed-up diode. (continued) 
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TABLE 13 — POWER DARLINGTONS (continued) 


IcCont 

Amps 

Max 

VcEO(sus) 

Volts 

Min 

Device Type 

hpE 

Min/Max 

@ ic 

Amp 

Resistive Switching 

Ihfel @ 

1 MHz 
Min 

Pd (Case) 
Watts 
@ 25X 

Case 

JEDEC/MOT 

U 

flS 

Max 

tf 

flS 

Max 

@ Ic 

Amp 

NPN 

PNP 

12 

60 

2N6057 

2N6050 

750/1 8k 

6 

1.6 typ 

1.5 typ 

6 

4 

150 

TO-204/1 


80 

2N6058 

2N6051 

750/1 8k 

6 

1.6 typ 

1 .5 typ 

6 

4 

150 

TO-204/1 


100 

2N6059 

2N6052 

750/1 8k 

6 

1 .6 typ 

1.5 typ 

6 


150 

TO-204/1 1 


1000 

BUT16e 


5 min 

8 

3.3 

1.5 

8 


150 

TO-204/1 

15 

60 

2N6576 


2k/20k 

4 

2 

7 

10 

10/200 

120 

TO-204/1 1 


90 

2N6577 


2k/20k 

4 

2 

7 

10 

10/200 

120 

TO-204/1 1 


120 

2N6578 


2k/20k 

4 

2 

7 

10 

10/200 

120 

TO-204/11 


150 

MJ11018 

MJ11017 

100 min 

15 




3 

175 

TO-204/1 



MJH11018 

MJH11017 

100 min 

15 




3 

150 

TO-2 18/340 


200 

MJ11020 

MJ11019 

100 min 

15 




3 

175 

TO-204/1 



MJH11020 

MJH11019 

100 min 

15 




3 

150 

TO-2 18/340 


250 

MJ11022 

MJ11021 

100 min 

15 




3 

175 

TO-204/1 



MJH11022 

MJH11021 

100 min 

15 




3 

150 

TO-2 18/340 


500 

BUT51P 


40 min 

5 

1.1 

0.16 

10 


125 

TO-2 18/340 

16 

60 

MJ4033 

MJ4030 

Ik min 

10 





150 

TO-204/1 


80 

MJ4034 

MJ4031 

Ik min 

10 





150 

TO-204/1 


100 

MJ4035 

MJ4032 

Ik min 

10 





150 

TO-204/1 

20 

60 

2N6282 

2N6285 

750/1 8k 

10 

2.5 typ 

2.5 typ 

10 

4 

160 

TO-204/1 



MJH6282 

MJH6285 

750/1 8k 

10 

2.5 typ 

2.5 typ 

10 

4 

125 

TO-2 18/340 


80 

2N6283 

2N6286 

750/18k 

10 

2.5 typ 

2.5 typ 

10 

4 

160 

TO-204/1 



MJH6283 

MJH6286 

750/1 8k 

10 

2.5 typ 

2.5 typ 

10 

4 

125 

TO-2 18/340 


100 

2N6284 

2N6287 

750/1 8k 

10 

2.5 typ 

2.5 typ 

10 

4 

160 

TO-204/1 



MJH6284 

MJH6287 

750/1 8k 

10 

2.5 typ 

2.5 typ 

10 

4 

125 

TO-2 18/340 


350 

MJ10000 


40/400 

10 

3 

1.8 

10 

10 

175 

TO-204/1 



MJ10004e 


40/400 

10 

1.5 

0.5 


10 

175 

TO-204/1 


400 

MJ10001 


40/400 

10 

3 

1.8 

10 

10 

175 

TO-204/1 



MJIOOOSe 


40/400 

10 

1.5 

0.5 


10 

175 

TO-204/1 


450 

MJ10008e 


30/300 

10 

2 

0.6 

10 

8 

175 

TO-204/1 


500 

MJ10009« 


30/300 

10 

2 

0.6 

10 

8 

175 

TO-204/1 


700 

BUT15e 


15 min 

12 

2.5 

0.8 

12 


175 

TO-204/1 


750 

MJ10024e 


50/600 

5 

5 

1.8 

10 


250 

TO-204/1 


850 

MJ10025e 


50/600 

5 

5 

1.8 

10 


250 

TO-204/1 

24 

1000 

BUT36« 


5 min 

16 

6 

2.5 

16 


250 

TO-204 Mod/197 

25 

1 

500 

BUT14e 


15 min 

16 

2.8 

0.8 

16 


175 

TO-204/1 

28 

400 

BUT13e 


20 min 

20 

2.6 

0.8 

18 


175 

TO-204/1 

30 

60 

MJ11012 

MJ11011 

Ik min 

20 




4 

200 

TO-204/1 


90 

MJ11014 

MJ11013 

Ik min 

20 




4 

200 

TO-204/1 


120 

MJ11016 

MJ11015 

Ik min 

20 


1 


4 

200 

TO-204/1 

40 

350 

MJ10022e 


50/600 

10 

2.5 

0.9 

20 


250 

TO-204 Mod/197 


400 

MJ10023e 


50/600 

10 

2.5 

0.9 

1 

20 


250 

TO-204 Mod/197 


700 

BUT35e 


15 min 

24 

4 

1.2 

24 


250 

TO-204 Mod/197 

50 

60 

MJ11028 

MJ11029 

400 min 

50 





300 

TO-204 Mod/197 


• Darlington with speed-up diode. (continued) 
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TABLE 13 — POWER DARLINGTONS (continued) 


IcCont 

Amps 

Max 

VcEO(sus) 

Volts 

Min 

Device Type 

hpE 

Min/Max 

@lc 

Amp 

Resistive Switching 

Ihfel @ 

1 MHz 
Min 

' 

Pp (Case) 
Watts 
@ 25X 

Case 

JEDEC/MQT 

ts 

flS 

Max 

tf 

flS 

Max 

@ ic 

Amp 

NPN 

PNP 

50 

90 

MJ11030 

MJ11031 

400 min 

50 





300 

TO-204 Mod/197 


120 

MJ11032 

MJ11033 

400 min 

50 





300 

TO-204 Mod/197 


400 

MJ10015e 


10 min 

40 

2.5 

0.5 

20 

10 

250 

TO-204 Mod/197 


450 

MJ10044« 


50 min 

50 

3.8 

1.3 

50 


250 

— /353 


500 

BUT34e 


15 min 

32 

3 . 

1.5 

32 


250 

TO-204 Mod/197 



MJ10016* 


10 min 

40 

2.5 

0.5 

20 

10 

250 

TO-204 Mod/197 

56 

400 

BUT33e 


20 min 

36 

3.3 

1.6 

36 


250 

TO-204 Mod/197 

60 

200 

MJ10020« 


75/Ik min 

15 

3.5 

0.5 

30 


250 

TO-204 Mod/197 


250 

MJ10021« 


75/Ik min 

15 

3.5 

0.5 

30 


250 

TO-204 Mod/197 

100 

250 

MJ10047e 


75 min 

100 

4 

1 

100 


250 

— /353 



MJ10048« 


75 min 

100 

20 , 

8 

100 


250 

— /353 


• Darlington with speed-up diode. 


TABLE 14 — POWER SWITCHING TRANSISTORS 

VcEO < 200 V 


IpCont 

Amps 

Max 

VcEO(sus) 

Volts 

Min 

Device Type 

hPE 

Min/Max 

(® Ic 
Amp 

Resistive Switching 

tr 

MHz 

Min 

Pp (Case) 
Watts 
(o) 25X 

Case 

JEDEC/MOT 

^s 

flS 

Max 

tf 

ftS 

Max 

•• 

@ Ic 

Amp 

NPN 

PNP 

0.8 

40 

MPS-U02 

MPS-U52 

30 min 

0.5 




150 

10 

—/1 52 

1 

120 

MPS-U03 


40 min 

0.1 




100 

10 

—/1 52 


180 

MPS-U04 


40 min 

0.1 




100 

10 

—/1 52 

2 

20 

BD505 

BD506 

40 min 

1 

, 

. 



50 

10 

—/1 52 


30 

BD507 

BD508 

40 min 

1 




50 

10 

—/1 52 



MPS-U01 

MPS-U51 

50 min 

1 




50 

10 

—/1 52 


40 

BD509 

BD510 

40 min 

1 




50 

10 

—/1 52 



MPS-U01A 

MPS-U51A 

50 min 

1 




50 

10 

—/1 52 



MPS-U45# 

• 

MPS-U95# 

4k min 

1 

' 


' 

100 

10 

—/1 52 


45 

BD515 

BD516 

25 min 

0.5 




50 

10 

—/1 52 


60 

BD517 

BD518 

25 min 

0.5 




50 

10 

—/1 52 



MPS-U05 

MPS-U55 

60 min 

0.25 




50 

10 

—/1 52 


80 

BD519 

BD520 

25 min 

0.5 




50 

10 

—/1 52 



MPS-U06 

MPS-U56 

60 min 

0.25 




50 

10 

—/1 52 


100 

BD529 

BD530 

30 min 

0.25 




50 

10 

—/1 52 



MPS-U07 

MPS-U57 

60 min 

0.25 




50 

10 

—/1 52 


150 

2N5051 


25/100 

0.75 

3.5 

1.2 

0.75 

10 

40 

TO-213AA/80 

3 

40 


2N3719 

25/180 

2 

0.4* 


1 

60 

6 

TO-205AA/31 




2N3867 

40/200 

2 

0.4* 


1 

60 

6 

TO-205AA/31 


60 


2N3720 

25/180 

2 

0.4* 


1 

60 

6 

TO-205AA/31 




2N3868 

30/150 

2 

0.4* 


1 

60 

6 

TO-205AA/31 


80 


2N6303 

30/150 

2 

0.4* 


1 

60 

6 

TO-205AA/31 


# Darlington » toff (a i MHz (continued) 
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TABLE 14 — POWER SWITCHING TRANSISTORS (continued) 


IcCont 

Amps 

Max 

VcEO(sus) 

Volts 

Min 

Device Type 

hpE 

Min/Max 

- 1 

Resistive Switching 

MHz 

Min 

Pd (Case) 
Watts 
@ 25“C 

Case 

JEDEC/MOT 

ts 

/IS 

Max 

tf 

MS 

Max 

@ ic 

Amp 

NPN 

PNP 

4 

30 

BD185 

BD186 

15 min 

2 




20 

40 

TO-225AA/77 


45 

BD187 

BD188 

15 min 

2 




20 

40 

TO-225AA/77 



BD785 

BD786 

20 min 

2 




50 

15 

TO-225AA/77 


60 

2N4877 


20/100 

4 

1.5 

0.5 

4 

30 

10 

TO-205AD/79 



BD189 

BD190 

15 min 

2 




20 

40 

TO-225AA/77 



BD787 

BD788 



20 min 

2 




50 

15 

TO-225AA/77 


80 

BD789 

BD790 

10 min 

2 




40 

15 

TO-225AA/77 


100 

BD791 

BD792 

10 min 

2 




40 

15 

TO-225AA/77 

5 

60 


MJ8100 

25/180 

2 

1 

0.15 

2 

30 

10 

TO-205AD/79 


80 

2N5337 

2N6191 

60/240 

2 

2 

0.2 

2 

30 

10 

TO-205AD/79 


100 

2N5339 

2N6193 

60/240 

2 

2 

0.2 

2 

30 

10 

TO-205AD/79 

7 

60 

2N6315 

2N6317 

20/100 

2.5 

1 

0.8 

2.5 

4 

90 

TO-213AA/80 


80 

2N5428 


60/240 

2 

2 

0.2 

2 

30 

60 

TO-213AA/80 



2N5347 

2N6187 

60/240 

2 

2 

0.2 

2 

30 

60 

TO-210AA/160 



2N6316 

2N6318 

20/100 

2.5 

1 

0.8 

2.5 

4 

90 

TO-213AA/80 


100 

2N5430 


60/240 

2 

2 

0.2 

2 

30 

60 

TO-213AA/80 



2N5349 

2N6189 

60/240 

2 

2 

0.2 

2 

30 

60 

TO-210AA/160 

7.5 

60 

2N3447 


40/120 

5 

2 

0.35 

5 

10 

115 

TO-204/11 


80 

2N3448 


40/120 

5 

2 

0.35 

5 

10 

115 

TO-204/1 1 

8 

120 

MJ3247 

MJ3237 

40 min 

3 

0.4 typ 

0.18 typ 

5 

20 

75 

TO-213AA/80 



MJ4247 

MJ4237 

40 min 

3 

0.4 typ 

0.18 typ 

5 

20 

90 

TO-204/1 1 



MJE15028 

MJE15029 

20 min 

4 

0.4 typ 

0.18 typ 

5 

30 

50 

TO-220/221A 


150 

MJ3248 

MJ3238 

40 min 

3 

0.4 typ 

0.18 typ 

5 

20 

75 

TO-213AA/80 



MJ4248 

MJ4238 

40 min 

3 

0.4 typ 

0.18 typ 

5 

20 

90 

TO-204/1 1 



MJE15030 

MJE15031 

20 min 

4 

0.4 typ 

0.18 typ 

5 

30 

50 

TO-220/221A 

10 

60 


MJ6700 

25/180 

2 

1 

0.15 

2 

30 

60 

TO-210AA/160 



2N5877 

2N5875 

20/100 

4 

1 

0.8 

4 

4 

150 

TO-204/1 1 


80 

2N5878 

2N5876 

20/100 

4 

1 

0.8 

4 

4 

150 

TO-204/1 1 

15 

60 

2N5881 

2N5879 

20/100 

6 

1 

0.8 

6 

4 

160 

TO-204/1 1 


80 

2N5882 

2N5880 

20/100 

6 

1 

0.8 

6 

4 

160 

TO-204/1 1 

18 

160 

BUX41N 


8 min 

12 

1.2 

0.25 

12 

8 

120 

TO-204/1 

20 

75 

2N5039 


20/100 

10 

1.5 

0.5 

10 

60 

140 

TO-204/1 


80 

2N5303 

2N5745 

15/60 

10 

2 

1 

10 

2 

200 

TO-204/1 1 


90 

2N5038 


20/100 

12 

1.5 

0.5 

12 

60 

140 

TO-204/1 


125 

BUX40 


8 min 

15 

1 

0.25 

15 

8 

120 

TO-204/1 


160 

BUV11N 


10 min 

15 

1.2 

0.25 

15 

8 

150 

TO-204/1 

25 

60 

2N5885 

2N5883 

20/100 

10 

1 

0.8 

10 

4 

200 

TO-204/1 1 


80 

2N5886 

2N5884 

20/100 

10 

1 

0.8 

10 

4 

200 

TO-204/1 1 




2N6436 

30/120 

10 

1 

0.25 

10 

40 

200 

TO-204/1 


100 

2N6338 


30/120 

10 

1 

0.25 

10 

40 

200 

TO-204/1 




2N6437 

30/120 

10 

1 

0.25 

10 

40 

200 

TO-204/1 


120 

2N6339 


30/120 

10 

1 

0.25 

10 

40 

200 

TO-204/1 




2N6438 

30/120 

10 

1 

0.25 

10 

40 

200 

TO-204/1 


125 

BUV10 


10 min 

20 

1.2 

0.25 

20 

8 

150 

TO-204/1 



BUV10N 


10 min 

20 

1.55 

0.45 

15 

10 

175 

TO-204/1 


(continued) 
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TABLE 14 — POWER SWITCHING TRANSISTORS (continued) 


IcCont 

Amps 

Max 

VCEO(sus) 

Volts 

Min 

Device Type 

hpE 

Min/Max 

@ Ic 

Amp 

Resistive Switching 

MHz 

Min 

Pd (Case) 
Watts 
@ 25°C 

Case 

JEDEC/MOT 

ts 

flS 

Max 

tf 

/IS 

Max 

@ (c 

Amp 

NPN 

PIMP 

25 

140 

2N6340 


30/120 

10 

1 

0.25 

10 

40 

200 

TO-204/1 


150 

2N6341 


30/120 

10 

1 

0.25 

10 

40 

200 

TO-204/1 

30 

40 

2N5301 

2N4398 

15760 

15 

2 

1 

10 

2 

200 

TO-204/1 1 


60 

2N5302 

2N4399 

15/60 

15 

2 

1 

10 

2 

200 

TO-204/1 1 


90 

BUX39 


8 min 

20 

1 

0.25 

20 

8 

120 

TO-204/1 

40 

160 

BUV21N 


10 min 

40 

1 

0.2 

40 

8 

250 

TO-204 Mod/197 

50 

80 


2N6377 

30/120 

20 

0.8 





TO-204 Mod/197 


100 

2N6274 

2N6378 

30/120 

20 

0.8 

0.25 

20 

30 

250 

TO-204 Mod/197 


120 

2N6275 

2N6379 

30/120 

20 

0.8 

0.25 

20 

30 

250 

TO-204 Mod/197 


125 

BUV20 


10 min 

50 

1.2 

0.25 

50 

8 

250 

TO-204 Mod/197 


140 

2N6276 


30/120 

20 

0.8 

0.25 

20 

30 

250 

TO-204 Mod/197 


150 

2N6277 


30/120 

20 

: 0.8 

0.25 

20 

30 

250 

TO-204 Mod/197 

70 

125 

BUS50 

! 

i 15 min 

1 : 

50 





350 

TO-204 Mod/197 


TABLE 15 — SWITCHMOOE POWER TRANSISTORS 

VcEO ^ 200 V 


Devices are listed in descending order of VcEO(sus)' IcCont 


VcEO(sus) 

Volts 

Min 

IcCont 

Amps 

Max 

VcEV 

Volts 

Min 

Device Type 
NPN unless 
otherwise noted 

hpE 

Min/Max 

@ Ic 

Amp 

Resistive Switching 

tr 

MHz 

Min 

Pd (Case) 
Watts 
@ 25X 

Case 

JEDEC/MOT 

ts 

/iS 

Max 

tf 

/ts 

Max 

@ Ic 

Amp 

1000 

24 

1400 

BUT36## 

5 min 

16 

6 

2.5 

16 


250 

TO-204 Mod/197 


12 

1400 

BUT16## 

5 min 

8 

3.3 

1.5 

8 


150 

TO-204/1 

900 

2 

1800 

MJE1320 

3 min 

1 

4typ 

0.8 typ 

1 


80 

TO-220/221A 

850 

20 

1200 

MJ10025##^ 

50/600 

20 

5 

1.8 

10 



TO-204/1 


3 

1500 

MJE16034 

4 min 

3 

2 

1.5 

2 


80 

TO-220/221A 



1500 

MJH16034 

4 min 

3 

2 

1.5 

2 


125 

TO-2 18/340 

800 

10 

1400 

MJ8505^ 

7.5 min 

1.5 

4 

2 

5 



TO-204/1 



1500 

MJ16018^ 

4 min 

5 

4.5 typ 

0.2 typ 

5 



TO-204/1 



1500 

MJH16018^ 

4 min 

5 

4.5 typ 

0.2 typ 

5 



TO-2 18/340 


5 

1400 

MJ8503^ 

7.5 min 

1 

4 

2 

2.5 



TO-204/1 



1400 

MJE8503^ 

7.5 min 

1 

4 

2 

2.5 



TO-220/221A 


2.5 

1400 

MJ8501^ 

7.5 min 

0.5 

4 

2 

1 



TO-204/1 



1400 

MJE8501^ 

7.5 min 

0.5 

4 

2 

1 



TO-220/221A 

750 

20 

1000 

MJ10024##^ 

50/600 

20 

5 

1.8 

10 



TO-204/1 


8 

1500 

MJ12005 

5 min 

5 


1 

5 

4 typ 


TO-204/1 



1500 

MJH12005 




0.4 typ 

5 

4 

100 

TO-2 18/340 


5 

1500 

MJ12004^ 

2.5 min 

4.5 


1 

4.5 

4 typ 


TO-204/1 


4 

1500 

MJ12003 

2.5 min 

3 


1 

3 

4 typ 


TO-204/1 


★ Designers Data Sheet characterization (continued) 

# Darlington ## Darlington with speed-up diode * toff ** |hfel (<> 1 MHz 
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TABLE 15 — SWITCHMODE POWER TRANSISTORS (continued) 


VcEO(sus) 

Volts 

Min 

IcCont 

Amps 

Max 

VcEV 

Volts 

Min 

Device Type 
NPN unless 
otherwise noted 

hpE 

Min/Max 

- 1 

Resistive Switching 

h- 

MHz 

Min 

Pd (Case) 
Watts 
@ 25“C 

Case 

JEDEC/MOT 

ts 

/*S 

Max 

tf 

flS 

Max 

@ ic 

Amp 

750 

3 

1500 

MJE16032 

4 min 

3 

2 

1.5 

2 


80 

TO-220/221A 



1500 

MJH16032 

4 min 

3 

2 

1.5 

2 


125 

TO-2 18/340 


2.5 

1500 

MJ12002^ 

1.11 min 

2 


1 

2 

4 typ 


TO-204/1 



1500 

MJE120071^ 

1.1 min 

2 


1 

2 

4 typ 


TO-220/221A 

700 

40 

1000 

BUT35## 

15 min 

24 

4 

1.2 

24 


250 

TO-204 Mod/197 


20 

1000 

BUT15## 

15 min 

12 

2.5 

0.8 

12, 


175 

TO-204/1 


10 

1200 

MJ8504^ 

7.5 min 

1.5 

4 

2 

5 



TO-204/1 


8 

1400 

MJ10011# 

20 min 

4 


1 

4 



TO-204/1 



1500 

BU508,A 

2.25 min 

4.5 

8typ 

0.5 typ 

4.5 

7 

125 

TO-2 18/340 



1500 

BU508D,AD 

2.25 min 

4.5 

8 typ 

0.5 typ 

4.5 

7 

125 

TO-2 18/340 


5 

1200 

MJ8502^ 

7.5 min 

1 

4 

2 

2.5 



TO-204/1 



1200 

MJE8502^ 

7.5 min 

1 

4 

2 

2.5 



TO-220/221A 



1500 

BU208A 

2.25 min 

4.5 

8 typ 

0.4 typ 

4.5 

4 typ 

90 

TO-204/1 



1500 

BU208D 

2.25 min 

4.5 


0.6 typ 

4.5 



TO-204/1 


2.5 

1200 

MJE8500yir 

7.5 min 

0.5 

4 

2 

1 



TO-220/221A 

600 

15 

700 

MJ10014##^ 

10/250 

10 

2.5 

0.8 

10 



TO-204/1 

550 


650 

MJ10013##^ 

10/250 

10 

2.5 

0.8 

10 



TO-204/1 

500 

50 

750 

MJ10016##^ 

10 min 

40 

2.5 

1 

20 



TO-204 Mod/197 



850 

BUT34## 

15 min 

32 

3 

1.5 

32 


250 

TO-204 Mod/197 


25 

850 

BUT14## 

15 min 

16 

2.8 

0.8 

16 


175 

TO-204/1 


20 

600 

MJ10009##^ 

30/300 

10 

2 

0.6 

10 

8*.* 


TO-204/1 



800 

MJ13335^ 

10/60 

5 

4 

0.7 j 

10 



TO-204/1 


15 

850 

BUT51P## 

40 min 

5 

1.1 

0.16 1 

10 


125 

TO-2 18/340 



1000 

MJ16010A^ 

5 min 

15 

3 

0.4 1 

10 



TO-204/1 



1000 

MJH16010A^ 

5 min 

15 

3 

0.4 

10 



TO-2 18/340 


8 

850 

BUT50P## 

30 min 

2 

0.75 typ 

0.1 typ 

5 


100 

TO-2 18/340 



1000 

MJ16006A^ 

5 min 

15 

3 

0.4 

10 



TO-204/1 



1000 

MJH16006A^ 

5 min 

15 

3 

0.4 

10 



TO-2 18/340 


5 

1000 

MJ16002A^ 

5 min 

15 

3 

0.3 ! 

3 



TO-204/1 



1000 

MJH160p2A^ 

5 min 

15 

3 

0.3 

3 



TO-2 18/340 

450 

50 

500 

MJ 10044##^ 

50 min 

50 

3.8 

1.3 

50 



— /353 


30 

850 

MJ16020 

5 min 

30 

1.8 

0.2 

20 


250 

TO-204/1 



850 

MJ16022 

7 min 

30 

1.5 

0.15 

20 


250 

TO-204/1 



1000 

BUS98A 

8 min 

16 

2.3 

0.4 

16 


250 

TO-204 Mod/197 


20 

650 

MJ10008##^ 

30/300 

10 

2 

0.6 

10 

8** 


TO-204/1 



850 

2N6837^ 

10/30 

15 

2.5 

0.25 

15 

15 


TO-204/1 



850 

MJ16014^ 

5 min 

20 

2.7 

0.35 1 

20 



TO-204/197 



850 

MJ16016^ 

7 min 

20 

2.2 

0.25 

20 



TO-204/197 


15 

750 

MJ13091^ 

8 min 

10 

2.5 

0.5 ) 

10 



TO-204/1 



850 

2N6836^ 

10/30 

10 

3 

0.35 

10 

10 


TO-204/1 



850 

MJ12022^ 

5 min 

15 


0.1 typ 

10 



TO-204/1 



850 

MJ16010^ 

5 min 

15 

1.2 typ 

0.2 typ 

10 



TO-204/1 



850 

MJ16012^ 

7 min 

15 

0.9 typ 

0.15 typi 

10 



TO-204/1 



850 

MJH16010^ 

5 min 

15 

1.2 

0.2 

10 


175 

TO-2 18/340 



850 

MJH16012^ 

7 min 

15 

0.9 

0.15 

10 


150 

TO-2 18/340 



1000 

BUS48A 

8 min 

10 

2 

0.4 

10 


175 

TO-204/1 


★ Designers Data Sheet characterization (continued) 

# Darlington ## Darlington with speed-up diode * toff ** |hfel Co. 1 MHz 
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TABLE 15 — SWITCHMODE POWER TRANSISTORS (continued) 


VcEO(sus) 

Volts 

Min 

IcCont 

Amps 

Max 

VcEV 

Volts 

Min 

Device Type 
NPN unless 
otherwise noted 

^»FE 

Min/Max 

@ ic 

Amp 

Resistive Switching 

MHz 

Min 

Po (Case) 
Watts 
@ 25X 

Case 

JEDEC/MOT 

/IS 

Max 

tf 

/IS 

Max 

@ Ic 

Amp 

450 

15 

1000 

BUS48AP 

8 min 

8 

2 

0.4 

10 


150 

TO-2 18/340 



1000 

BUW13A 



4 

0.8 

8 


175 

TO-2 18/340 


9 

1000 

BUS47A 

7 min 

5 

2 

0.4 

5 


150 

TO-204/1 



1000 

BUS47AP 

7 min 

6 

2 

0.4 

6 


128 

TO-2 18/340 


8 

750 

MJ13081^ 

8 min 

5 

1.5 

0.5 

5 



TO-204/1 



850 

2N6835^ 

7.5/3 

5 

2.5 

0.25 

5 

10 


TO-204/1 



850 

MJE16080 

5 min 

8 

2 

0.5 

5 


80 

TO-220/221A 



850 

MJ12021^ 

5 min 

8 


0.1 typ 

8 



TO-204/1 



850 

MJ16006^ 

5 min 

8 

2.5 

0.25 

5 



TO-204/1 



850 

MJ16008^ 

7 min 

8 

2.2 

0.25 

5 



TO-204/1 



850 

MJH16006^ 

5 min 

8 

2.5 

0.25 

5 



TO-2 18/340 



850 

MJH16008^ 

7 min 

8 

2.2 

0.25 

5 



TO-2 18/340 



1000 

BUW12A 

6 min 

5 

4 

0.8 

5 


125 

TO-2 18/340 


5 

750 

MJ13071^ 

8 min 

3 

1.5 

0.5 

3 



TO-204/1 



750 

MJE13071^ 

8 min 

3 

1.5 

0.5 

3 



TO-220/221A 



850 

2N6834^ 

10/30 

3 

2.7 

0.35 

3 

15 


TO-204/1 



850 

MJ12020^ 

5 min 

5 


0.13 typ 

3 



TO-204/1 



850 

MJ16002^ 

5 min 

5 

3 

0.3 

3 



TO-204/1 



850 

MJ16004^ 

8 min 

3 

2.7 

0.35 

3 



TO-204/1 



850 

MJE16002^ 

5 min 

5 

3 

0.3 

3 



TO-220/221A 



850 

MJE16004^ 

7 min 

5 

2.7 

0.35 

3 



TO-220/221A 



850 

MJH 16002^ 

5 min 

5 

3 

0.3 

3 



TO-2 18/340 



850 

MJH 16004^ 

7 min 

5 

2.7 

0.35 

3 



TO-2 18/340 



1000 

BUW11A 

6 min 

2.5 

4 

0.8 

2.5 


125 

TO-2 18/340 


3 

1000 

BUX85 

30 min 

0.1 

3.5 

1.4 

1 

. 4 

50 

TO-220/221A 

400 

56 

600 

BUT33## 

20 min 

36 

3.3 

1.6 

36 

■ ^ . 

250 

TO-204 Mod/197 


50 

650 

MJ10015##^ 

10 min 

40 

1 

2.5 

1 

20 



TO-204 Mod/197 


40 

600 

MJ10023##^ 

50/600 

1 

10 

2.5 

0.9 

20 


1 ' '■ 

TO-204 Mod/197 


30 

850 

BUS98 

8 min 

20 

2.3 

0.4 

20 


250 

TO-204 Mod/197 


28 

600 

BUT13## 

20 min 

20 

2.6 

0.8 

18 


175 

TO-204/1 


20 

450 

BUV24 

8 min 

12 

3 

0.9 

12 

8 

250 

TO-204/1 



500 

MJIOOOI#^ 

40/400 

10 

3 

1.8 

10 

10** 


TO-204/1 



500 

MJ10005#^ 

40/400 

10 

1.5 

0.5 

10 

10** 


TO-204/1 



500 

MJ13333^ 

10/60 

5 

4 

0.7 

10 



TO-204/1 


15 

650 

MJ13090^ 

8 min 

10 

2.5 

0.5 

10 



TO-204/1 



650 

MJH6678 

8 min 

15 

2.5 

0.5 

15 


125 

TO-2 18/340 



650 

2N6678 

8 min 

15 

2.5 

0.5 

15 

3 

' 

TO-204/1 



850 

2N6547^ 

6/30 

10 

4 

0.7 

10 

6 to 24 


TO-204/1 



850 

BUS48 

8 min 

10 

2 

0.4 

10 


175 

TO-204/1 



850 

BUS48P 

8 min 

10 

2 

0.4 

10 


150 

TO-2 18/340 



850 

BUW13 



4 

0.8 

10 


175 

TO-2 18/340 



850 

BUX48 



3 

0.6 

10 



TO-204/1 


12 

700 

MJE13009^ 

6/30 

8 

1 

3 

0.7 

8 

4** 

' 


TO-220/221A 


10 

950 

MJ12010 

4.2 min 

5 


1 

5 

6 typ 


TO-204/1 



550 

MJ10012# 

100/2k 

6 

6 

15 

15 

6 


TO-204/1 



500 

MJ10003## 

30/300 

5 

2.5 

1 

5 

10** 


TO-204/1 



500 

MJ10007##^ 

30/300 

5 

1.1 

0.25 

5 

10** 


TO-204/1 



450 

MJ13015^ 

8/20 

5 

2 

0.5 

5 



TO-204/1 


9 

850 

BUS47 

7 min 

6 

2 

0.4 

6 


150 

TO-204/1 



850 

BUS47P 

7 min 


2 

0.4 

6 


128 

TO-2 18/340 


★ Designers Data Sheet characterization (continued) 

# Darlington ## Darlington with speed-up diode * toff ** |hfe| @ 1 MHz 
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TABLE 15 — SWITCHMODE POWER TRANSISTORS (continued) 


VcEO(sus) 

Volts 

Min 

IcCont 

Amps 

Max 

VCEV 

Volts 

Min 

Device Type 
NPN unless 
otherwise noted 

hpE 

Min/Max 

@ ic 

Amp 

Resistive Switching 

MHz 

Min 

Pd (Case) 
Watts 
@ 25°C 

Case 

JEDEC/MOT 

ts 

MS 

Max 

tf 

MS 

Max 

@ >c 

Amp 


8 

850 

2N6545^ 

7/35 

5 

4 

1 

5 

6 


TO-204/1 



800 

MJE5742# 

200/400 

4 

8 typ 

2 typ 

6 



TO-220/221A 



800 

MJE16080 

5 min 

8 

2 

0.5 

5 


80 

TO-220/221A 



850 

BUW12 

6 min 

6 

4 

0.8 

5 


125 

TO-2 18/340 



850 

BUX84 

30 min 

0.1 

3.5 

1.4 

1 

4 

50 

TO-220/221A 



700 

MJE13007^ 

6/30 

5 

3 

0.7 

5 

4 


TO-220/221A 



650 

MJ13080^ 

8 min 

5 

1.5 

0.5 

5 



TO-204/1 



450 

MJ6503-PNP^ 

15 min 

2 

2 

0.5 

4 



TO-204/1 




450 

MJE5852-PNP^ 

15 min 

2 

2 

0.5 

4 



TO-220/221A 


6 

900 

BU326A 

30 typ 

0.6 

3.5 

1** 

2.5 

6 

90 

TO-204/1 



900 

BU426A 

30 typ 

0.6 

2 typ 

0.5 typ 

2.5 

6 typ 

113 

TO-2 18/340 


5 

850 

2N6543^ 

7/35 

3 

4 

0.8 

3 

6 


TO-204/1 



850 

BUW11 

6 min 

3 

4 

0.8 

3 


125 

TO-2 18/340 



650 

MJ13070^ 

8 min 

3 

1.5 

0.5 

3 



TO-204/1 



650 

MJE13070^ 

8 min 

3 

1.5 

0.5 

3 



TO-220/221A 


4 

700 

MJE13005lk^ 

6/30 

3 

3 

0.7 

3 

4 


TO-220/221A 


1.5 

700 

MJE13003^ 

5/25 

1 

4 

0.7 


5 


TO-225AA/77R 


0.5 

400 

MJ4647.PNP 

20 min 

0.5 

0.72* 


0.05 

40 


TO-205AD/79 

375 

6 

800 

BU326 

30 typ 

0.6 

3.5 

1** 

2.5 

6 

90 

TO-204/1 



800 

BU426 

30 typ 

0.6 

2 typ 

0.5 typ 

2.5 

6 typ 

113 

TO-2 18/340 

350 

40 

450 

MJ10022##^ 

50/600 

10 

2.5 

0.9 

20 



TO-204 Mod/197 


20 

450 

MJIOOOO#^ 

40/400 

10 

3 

1.8 

10 

10** 


TO-204/1 



450 

MJ10004##^ 

40/400 

10 

1.5 

0.5 

10 

10** 


TO-204/1 


15 

550 

2N6677 

8 min 

15 

2.5 

0.5 

15 

3 


TO-204/1 



375 

2N6251 

6/50 

10 

3.5 

1 

10 

2.5 


TO-204/1 



550 

MJH6677 

8 min 

15 

2.5 

0.5 

15 


125 

TO-2 18/340 


10 

450 

MJ10002#^ 

30/300 

5 

2.5 

1 

5 

10** 


TO-204/1 



450 

MJ10006##^ 

30/300 

5 

1.5 

0.5 

5 

10** 


TO-204/1 



400 

MJ13014^ 

8/20 

5 

2 

0.5 

5 



TO-204/1 


8 

700 

2N6308 

12/60 

3 

1.6 

0.4 

5 

5 


TO-204/1 



700 

MJE5741# 

200/400 

4 

8 typ 

2 typ 

1 6 



TO-220/221A 



400 

MJE5851-PNP 

15 min 

2 

2 

0.5 

4 



TO-220/221A 


2 

400 

2N6213-PNP 

10/100 

1 

2.5 

0.6 

1 

4 


TO-213AA/80 

325 

30 

400 

BUV23 

8 min 

16 

1.8 

0.4 

16 

8 i 

250 

TO-204 Mod/197 


15 

400 

BUX13 

8 min 

8 

2.5 

0.8 

8 

B 

150 

TO-204/1 


5 

350 

2N6235 

25/125 

1 

3.5 

0.5 

1 

20 


TO-213AA/80 

300 

15 

650 

2N6546lk^ 

6/30 

10 

4 

0.7 

10 

6 to 24 


TO-204/1 



450 

2N6676 

8 min 

15 

2.5 

0.5 

15 

3 


TO-204/1 



450 

MJH6676 

8 min 

15 

2.5 

0.5 

15 


125 

TO-2 18/340 


12 

600 

MJE13008^ 

6/30 

8 

3 

0.7 

8 

4** 


TO-220/221A 


8 

600 

2N6307 

15/75 

3 

1.6 

0.4 

3 

5 


TO-204/1 



600 

MJE13006^ 

6/30 

5 

3 

0.7 

5 

4 


TO-220/221A 



600 

MJE5740 

200/400 

4 

8 typ 

2 typ 

6 



TO-220/221A 



350 

MJE5850-PNP^ 

15 min 

2 

2 

0.5 

4 



TO-220/221A 

1 

5 

400 

2N6498 

10/75 

2.5 

1.8 

0.8 

2.5 

5 


TO-220/221A 


4 

600 

MJE13004^ 

6/30 

3 

3 

0.7 

3 

4 


TO-220/221A 

i 

2 

500 

2N3585 

25/100 

1 

4 

3 

1 

10 


TO-213AA/80 



500 

2N6422-PNP 

25/100 

1 

4 

3 

1 

10 


TO-213AA/80 



350 

2N6212-PNP 

10/100 

1 

2.5 

0.6 

1 

4 


TO-213AA/80 


1.5 

600 

MJE 13002^ 

5/25 

1 

4 

0.7 

1 

5 


TO-225AA/77R 


★ Designers Data Sheet characterization 

# Darlington ## Darlington with speed-up diode * toff ** |hfel (a 1 MHz 
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TABLE 15 — SWITCHMODE POWER TRANSISTORS (continued) 


VcEO(sus) 

Volts 

Min 

IcCont 

Amps 

Max 

VCEV 
Volts ^ 
Min 

Device Type 
NPN unless 
otherwise noted 

hPE 

Min/Max 

@ ic 

Amp 

Resistive Switching 

h 

MHz 

Min 

Pd (Case) 
Watts 
@ 25“C 

Case 

JEDEC/MOT 

ts 

flS 

Max 

tf 

flS 

Max 

@ Ic 

Amp 

300 

1 

300 

2N5345-PNP 

25/100 

0.5 

0.6 

0.1 

0.5 

60 


TO-213AA/80 


0.5 

300 

MJ4646-PNP 

20 min 

0.5 

0.72* 


0.05 

40 


TO-205AD/79 

275 

15 

300 

2N6250 

8/50 

10 

3.5 

1 

10 

2.5 


TO-204/1 

250 

100 

300 

MJ10047##^ 

75 min 

100 

4 

1 

100 



— /353 



300 

MJ10048#^ 

75 min 

100 

2 

8 

100 



— /353 


60 

350 

MJ10021##^ 

25 min 

30 

3.5 

0.5 

30 



TO-204 Mod/197 


40 

300 

BUV22 

10 min 

20 

1.1 

0.35 

20 

8 

250 

TO-204/1 



350 

BUS52 

15 min 

40 





350 

TO-204/1 


20 

300 

BUV12 

10 min 

10 

1.5 

0.5 

10 

8 

150 

TO-204/1 



450 

MJ13331^ 

8/40 

10 

3.5 

0.7 

TO 

5/40 


TO-204/1 


15 

250 

MJ11021#-PNP 

100 min 

15 




3# 


TO-204/1 



250 

MJ11022# 

100 min 

15 




3# 


TO-204/1 


12 

300 

BUX42 

8 min 

6 

2 

0.4 

6 

8 

120 

TO-204/1 


8 

500 

2N6306 

15/75 

3 

1.6 

0.4 

3 

5 


TO-204/1 



400 

MJ6502-PNP^ 

15 min 

2 

2 

0.5 

4 


, 

TO-204/1 


5 

500 

MJ3029 

30 min 

0.4 


1 

3 

1 


TO-204/1 1 



350 

2IM6497 

10/75 

2.5 

1.8 

0.8 

2.5 

■ 5 


TO-220/221A 


2 

375 

2N3584 

25/100 

1 

4 

3 

1 

10 

■ 

TO-213AA/80 


I 

375 

2N6421-PNP 

25/100 

1 

4 

3 

1 

10 


TO-213AA/80 


1 

250 

2N5344-PNP 

25/100 

0.5 

0.6 

0.1 

0.5 

60 


TO-213AA/80 

225 

2 

275 

2N6211 

10/100 

1 

2.5 

0.6 

1 

20 


TO-213AA/80 

200 

60 

300 

MJ10020##^ 

25 min 

30 

3.5 

0.5 

30 



TO-204 Mod/197 


50 

300 

BUS51 

15 min 

50 





350 

TO-204/1 


40 

250 

BUV21 

10 min 

25 

1.8 

0.4 

25 

8 

150 

TO-204/1 


20 

250 

BUV11 

10 min 

12 

1.8 i 

0.4 

12 

8 

150 

TO-204/1 



400 

MJ13330^ 

8/40 

10 

3.5 

0.7 

10 

5/40 


TO-204/1 1 


15 

225 

2N6249 

10/50 

10 

3.5 ! 

1 

10 

2.5 


TO-204/1 1 



250 

BUX41 

8 min 

8 

1.5 

0.4 

8 

8 

120 

TO-204/1 



200 

MJ11019#-PNP 

100 min 

15 




3# 


TO-204/1 



200 

MJ11020# 

100 min 

15 




3# 


TO-204/1 



250 

BUY49P 

30 min 

0.5 




25 

20 

TO-225AA/77 


★ Designers Data Sheet characterization 

# Darlington ## Darlington with speed-up diode * toff ** Ihfgl (<i 1 MHz 
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Application Seiector Guides 


Application Literature 


To obtain copies of these notes, simply list the AN, AR, EB or EN numbers and send your request to: 
Technical Information Center, Motorola Semiconductor Products Inc., P.O. Box 20924, 

Phoenix, Arizona 85036 


AN-222A The ABC's of Solid-State DC-to-AC 
Inverters 

AN-484A Medium Power Audio Amplifiers 

AN-485 High-Power Audio Amplifiers with Short- 
Circuit Protection 

AN-569 Transient Thermal Resistance — General 
Data and its Use 

AN-703 Designing Digitally-Controlled Power 
Supplies 

AN-719 A New Approach to Switching 
Regulators 

AN-766 A Variable Frequency Control for 3<f) 
Induction Motors 

AN-767 A Line Operated, Regulated 5 V/50 A 
Switching Power Supply 

AN-778 Mounting Techniques for Power 
Semiconductors 

AN-785 Reverse-Bias Safe Operating Area 

AN-786 Power Darlington Load Line 
Considerations 

AN-803 The Effect of Emitter-Base Avalanching 
on High-Voltage Power Switching 

AN-828 The Effects of Base Drive Conditions on 
RBSOA 

AN-845 New Bipolars Compare Favorably with 
FETs for Switching Efficiency 

AN-861 Power Transistors Safe Operating Area 
— Special Considerations for Motor 
Drives 

AN-873 Understanding Power Transistor 
Dynamic Behavior — dv/dt Effects on 
Switching RBSOA 


AN-875 Power Transistor Safe Operating Area — 
Special Considerations for Switching 
Power Supplies 

AN-915 Characterizing Collector-To-Emitter and 
Drain-To-Source Diodes for Switchmode 
Applications 

AN-951 Drive Optimization for 1 kV Offline Con- 
verter Transistors 

AN-952 Ultrafast Recovery Rectifiers Extend 
Power Transistor SOA 

AR-109 Power Transistor Safe Operating Area — 
Special Considerations for Motor Drives 
AR-1 19 Dynamic Saturation Voltage — A Design- 
ers Comparison 

AR-120 Speeding Up the High Voltage Transistor 
AR-131 Baker Clamps, Traditional Concepts 
Updated. . . 

AR-180 Electronic Ballasts 
AR-181 Bipolar Transistors Excel In Off-Line Res- 
onant Converters 

EB-76 Horizontal CRT Deflection Techniques 
EB-78 New ICs in Switching Supplies 
EB-85A Full-Bridge Switching Power Supplies 
EB-86A Half-Bridge Switching Power Supplies 
EB-87A Flyback Switching Power Supplies 
EB-88A Push-Pull Switching Power Supplies 
EB-99 Proportional Reverse Base Current Drive 
Circuit 

EN-101 Verifying Collector Voltage Ratings 
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V(BR)CEO (Volts) 


Audio 


GENERAL DESIGN CURVES FOR POWER AUDIO OUTPUT STAGES 


V(BR)CEO Required on Output and Driver Transistors 
versus 



50 1 00 300 

Output Power (Watts) 


500 1 000 


Output Transistor Peak Collector Current 
versus 

Output Power for 4, 8 and 16 Ohm Loads 



50 100 300 

Output Power (Watts) 


Another important parameter that must be considered before selecting the output transistors is the safe- 
operating area these devices must withstand. For a complete discussion on these see Application Notes 
AN-484A and AN-485. 


TABLE 16 — RECOMMENDED POWER TRANSISTORS FOR AUDIO/SERVO LOADS 


RMS 

Power 

Output 

NPN 

PNP 

Case 

Pd 

Watts 
@ 25X 

VCEO 

hFE@ 

Min/Max 

‘c 

Amps 

^T 

MHz 

Typ 

ISB 

Volts/Amps 

To 25W 

MJE 15030 

MJE 15031 

TO-:220 

50W 

150 V 

20 min 

4A 

70 

14/3.6 

25 to 50W 

2N3055A 

MJ2955A 

TO-204 

120W 

120 V 

20/70 

4A 

3 

60/2 


MJ 15001 

MJ 15002 

TO-204 

200W 

MOV 

25/150 

4A 

3 

40/5 

50 to 100W 

. 1 

MJ15015 1 

■ 

MJ15016 

TO-204 

180W 

120 V 

20/70 

4A 

3 

60/3 


MJ 15003 

MJ15004 

TO-204 

250W 

140 V 

25/150 

5A 

3 

100/1 

Over lOOW 

MJ 15024 

MJ15025 

TO-204 

250W 

250 V 

15/60 

8A 

8 

80/2.2 


The Power Transistors shown are provided for reference only and show device capability. The final choice 
of the Power Transistors used is left to the circuit designer and depends upon the particular safe-operating 
area required and the mounting and heat sinking configuration used. 
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CRT Deflection 



The typical raster scanning television or CRT data mon- 
itor normally uses an inductive switched horizontal out- 
put stage. The horizontal output switching is accom- 
plished by a high voltage bipolar power transistor. This 
device switches from 0.5 to 5 A or higher collector current 
levels and must block a 100 to 1500 V retrace or flyback 
pulse. The listed Motorola semiconductor power devices 
will easily handle this task if the circuit electrical param- 
eters have been properly established. 



TABLE 17 — HORIZONTAL CRT DEFLECTION TRANSISTOR SELECTOR GUIDE 


Applications 

Retrace 

Voltage 

•PK 

Amps 

Scan 

Rate 

Preferred 

Devices* 

VCEX 

Volts 

•c 

Amps 

Line Operated TV. (120 Vac) 







Small Screen BA/V 

Up to 975 

1 to 2 

15 k 

MJ12002 

1500 

2.5 

Large Screen B/W, or 







Small Color 

Up to 975 

2 to 3 

15 k 

MJ 12003 

1500 

4 

Large Screen Color 

Up to 975 

4 to 5 

15 k 

BU508,D 

1500 

8 

Battery Operated TV. 

Up to 250 

3 to 10 

15 k 

BU407 

350 

7 

Display Monitors 







Low End 

Up to 250 

3 to 10 

20 k 

BU407 

350 

7 

High End 

Up to 975 

2 to 5 

30 k 

MJH16018 

1500 

8 


* Additional selections are available for specific circuit requirements — see Device Selection By Package Type. 
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Preferred Leadform Options For Motorola 
Plastic Power Transistors 


ORDERING INFORMATION 


TO-225AA (Case 77)/ TO-225AB (Case 90), TO-220AB (Case 221 A) 

Devices may be leadformed by first converting to a special '"SJE" number. The factory must be given the 
designation of the package and the applicable leadform suffix letter. The factory must be consulted. 



TO-225AB LEADFORMS 
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TO-220 LEADFORMS 

Options are listed in parenthesis below standard dimensions. 
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Mounting Hardware 



TO-213AA 


MICA -* 
INSULATOR 
B52600F008 


•NO. 6 SHEET 
METAL SCREWS 
B51564F003 



I ^ ; 


•NYLON INSULATING 
V BUSHING 

) B51547F002 


TO-225AA 


^ 4-40 HEX HEAD SCREW 
B09489A030 


--.COMPRESSION WASHER 
B 52 200 F 006 




ROUND MICA INSULATOR 
B52600F003 


HEAT SINK OR CHASSIS 


_4-40 HEX NUT 
B09490A005 


TORQUE REQUIREMENTS 
0.68N-m (6IN-LBS.) MAX. 


2-36 







MOUNTING HARDWARE continued 


Part numbers in this 
column for 

INSULATED 

MOUNTING 


6-32 HEX HEAD SCREW 
B09489A031 


STEEL COMPRESSION WASHER 

(For 6-32 Screw) 
B522CX)F004 



Hart numbers in this 
column for 

♦HIGH VOLTAGE 
INSULATED MOUNTING 

4 40 HEX HEAD SCREW 
B09489A030 

NYLON INSULATING BUSHING 
(For 4-40 Screw) 

B51547F011 


TO-225AB 


RECTANGULAR 
MICA INSULATOR 

B05608A001 


ROUND MICA INSULATOR 
B52600F013 

HEAT SINK OR CHASSIS 


RECTANGULAR 
MICA INSULATOR 
B05608A002 
OR 

ROUND MICA INSULATOR 
B52600F015 


4-40 HEX NUT 
B 09490 A 005 


6-32 HEX HEAD NUT ■“ 

B09490A006 

TORQUE REQUIREMENTS 

Insulated 0.68 N-m (6 IN. LBS.) MAX 
High Voltage Insulated 0.90 N-m (8 IN. LBS.) MAX 

•High voltage mounting requirements depend on use environment User r 
to make his own evaluation. 


Part Numbers in This 
Column for 
NONISOLATED 


6-32 HEX HEAD' 
SCREW 
B09489A032 


MOTOROLA 
SEMICONDUCTOR.. 
CASE 340-01 


TO-218AC 


Part Numbers in This 
Column for 

INSULATING MOUNTING 
FROM SCREW 


.cr^ 




4-40 HEX HEAD SCREW 
B09489A030 

STANDARD 

^ NYLON INSULATING BUSHING 
B51547F018 




HEATSINK C 
OR CHASSIS L 


(1) FLAT WASHER - 

COMPRESSION . 
NUT OR 

LOCK WASHER 
B52200F004 

6-32 HEX NUT 
B09490A006 


'X STANDARD 
MICA INSULATOR 
B526CX)F018 


COMPRESSION WASHER 
B52200F005 


. 4-40 HEX NUT 
B09490A005 


TORQUE REQUIREMENTS 
0.68 NM (6 in. /lbs.) max. 
Recommended Torque: 0.57 Nm/5 in. /lbs. 

(1 ) USE WITH LOCK WASHER 


5.5 kg/cm. 


TO-220AB 

PREFERRED ARRANGEMENT 




Xlr" 


for Isolated or Non isolated 
Mounting. Screw is at Semi- 
conductor Case Potential. 
6-32 Hardware is Used. 

Choose from Parts Listed 
Below. 

6 32 HEX HEAD SCREW 
B09489A035 

(1) RECTANGULAR STEEL 
WASHER 
B09002A001 


^ SEMICONDUCTOR _ 

(CASE 221, 221 A) 



(2) RECTANGULAR 
MICA INSULATOR 
B08853A001 
^ HEATSINK 

(2) NYLON BUSHING 

B51547F005 

(3) FLAT WASHER 
B51567F036 


. , , ■ (41 COMPRESSION or 

(I T 6-32 HEX NUT LOCK WASHER 
I ' B09490A006 B52200F004 

(1 ) Used with thin chassis and/or large hole. 

(2) Used when isolation is required. 

(3) Required when nylon bushing and lock washer are used. 

(4) Compression washer preferred when plastic insulating 
material is used. 

ALTERNATE ARRANGEMENT 

for Isolated Mounting 
when Screw must be at 
Heat-Sink Potential. 

4-40 Hardware is Used. 


Use Parts Listed Below. 

4-40 HEX HEAD SCREW 

B09489A034 

' NYLON INSULATING BUSHING 

1 B51547F019 






' semiconductorIII__> 

(CASE 221, 221 A) 


□ ! 




RECTANGULAR 
MICA INSULATOR 
B08853A001 

^ HEATSINK 


- COMPRESSION WASHER 

B52200F005 


CXZE 

I 


-4-40 HEX NUT 

B09490A005 


TORQUE 

REQUIREMENTS 

Insulated 

0.68 N M (6 in-lbs) max 
Noninsulated 

0.9 N-M (8 in-lbs) max' 
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Data Sheets 

The following power transistor data sheets 
are arranged in alphanumeric sequence, 
some data sheets may contain information 
applying to more than one transistor — e.g. 
2N4398, 2N4399, 2N5745. To determine if a 
particular device type is covered by a data 
sheet in this section, either refer to the alpha- 
numeric listing of the Index and Cross Ref- 
erence on page 1-2 or simply turn to the 
proper sequence for indication of where the 
Data Sheet can be found. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N3054 

2N30S4A 


MEDIUM-POWER NPN SILICON TRANSISTORS 


. . .designed for general purpose switching and amplifier applications. 


POWER TRANSISTORS 
NPN SILICON 

55 VOLTS 

25 WATTS - 2N3054 
75 WATTS - 2N3054A 


• Excellent Safe Operating Area 

• DC Current Gain Specified to 3.0 Amperes 

• Complement to PNP Type 2N6049 or 2N4912 


Rating 


Collector-Emitter Voltage 
Collector-Emitter Voltage 
(RBE = 100 
Collector-Base Voltage 


Emitter-Base Voltage 
Collector Current — Continuous 
Peak 


Base Current 


Total Device Dissipation @Tc = 25°C 
Derate above 25°C 
Operating and Storage Junction, 
Temperature Range 


^Indicates JEDEC Registered Data 
**Addition to JEDEC Registered Data 

THERMAL CHARACTERISTICS 

Characteristic 


2N3054A I 2N3054 





STYLE 1; 

PIN 1. BASE 

2. EMITTER 

CASE: COLLECTOR 






. 1 


p 

.1 1 

c 

1 , 




f 


1 

I 



M /ll 

! 


I Symbol I 2N3054A 2N3054 


7.0 


FIGURE 1 - POWER-TEMPERATURE DERATING 


— “ 































, 




2N3054A 














— 







X 








.^^^2N^54 


X 













I 100 120 140 160 180 200 

Tc, CASE TEMPERATURE (OC) 
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2N3054,A 


ELECTRICAL CHARACTERISTICS (Tq = 25° unless otherwise noted) 


Characteristic \ 

■’^OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) Vq 

dc = 100 mAdc, Ib = 0) 

Collector-Emitter Sustaining Voltage (1) V^ 

dc = 100 mAdc, Rbe = 100 ) 

Collector Cutoff Current 

(VCE = 30 Vdc, Ib = 0) 

Collector Cutoff Current 

(VcE = 90 Vdc, VBE(off) = 1-5 Vdc) 

( VCE = 90 Vdc, Vbe (off) = 1 -5 Vdc, Tq = 1 50°C) 

Emitter Cutoff Current 
(Vbe = 7.0 Vdc, ic = 0) 

^ON CHARACTERISTICS (1) 

DC Current Gain 

dc = 0.5 Adc, VcE = 4.0 Vdc) 
dc = 3.0 Adc, Vce = 4.0 Vdc) 

Collector-Emitter Saturation Voltage V( 

dc = 500 mAdc, Ib = 50 mAdc) 

dc =3.0 Adc, Ib = 10 Adc) 

Base-Emitter On Voltage V 

dc 500 mAdc, Vce = 4.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain— Bandwidth Product 

dc = 200 mAdc, Vce = 10 Vdc) 

*Small-Signal Current Gain 

dc = 100 mAdc, Vce = 4.0 Vdc, f = 1 .0 kHz) 

*Common-Emitter Cutoff Frequency 
dC = 100 mAdc, Vce = 4.0 Vdc) 

* I ndicates J E D E C Registered Data 
( 1 ) Pulse test: Pulse Width ^300 jUs, Duty Cycle ^ 2 . 0 % 


VcEO(sus) 

55 

_ 

VcER(sus) 

60 

__ 

'CEO 



500 

'CEX 


1.0 


- 

6.0 

'ebo 


1.0 


fT 

3.0 

hfe 

25 

^hfe 

30 



FIGURE 2 - SWITCHING TIME EQUIVALENT TEST CIRCUIT 

APPROX turn-on PULSE Vcc o 1 

+ 11 V I L 1 1 „ 


Rk 

Cjd « Ceb 1 : 

A -L 

-4.0 V 
ti < 15 ns 
100<t2< 500/Lts 
t 3 < 15 ns 

DUTY CYCLE ^2.0% 



FIGURE 3 - TURN-ON TIME 


Ic/Ib = 10 

±4Tj = 250C 


: tr@VQc = 30 Vdcl 


0.3 tr @VCC = 10 Vdc 

0.2 


0.031 M .11 i.l 

0.04 0.06 0.1 


td@VBE(off) = 0 


0.2 0.4 0.6 1.0 

Ic, collector current (AMP) 














2N3054,A 


FIGURE 4 - THERMAL RESPONSE 



MIME or PULSE WIDTH (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


3 



0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - V^E limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p| 5 ) = 200°C; T^ is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|^) <200°C. Tj(p|^) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 50 100 


IC, COLLECTOR CURRENT (AMP) 


Vr, reverse voltage (VOLTS) 
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jc. COLLECTOR CURRENT (mA) e\j, TEMPERATURE COEFFICIENTS (mV/°C) hpE, DC CURRENT GAIN 


2N3054,A 



V, VOLTAGE (VOLTS) VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 9 - COLLECTOR SATURATION REGION 



1.0 2.0 5.0 10 20 50 100 200 500 1000 

IB, BASE CURRENT (mA) 


FIGURE 11 - "ON" VOLTAGES 
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0 20 40 60 80 100 120 140 160 180 200 

Tj. JUNCTION TEMPERATURE (^C) 






MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N3055 

PNP 

MJ2955 


COMPLEMENTARY SILICON POWER TRANSISTORS 

. . . designed for general-purpose switching and amplifier applications. 

• DC Current Gain - hpE ~ 20-70 @ Ic = 4 Adc 

• Collector-Emitter Saturation Voltage — 

VcE(sat) " 1 Vdc (Max) @ (c = 4 Adc 

• Excellent Safe Operating Area 


MAXIMUM RATINGS 


15 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

60 VOLTS 
115 WATTS 




CASE 11-01 
TO-204AA 









2N3055 NPN/MJ2955 PNP 


ELECTRICAL CHARACTERISTICS (T^ = 25°c unless otherwise no 
Characteristic 

•OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
dc = 200 mAdc, Ib * 0) 

Collector-Emitter Sustaining Voltage (1) 
dc = 200 mAdc, Rbe = 100 Ohms) 

Collector Cutoff Current 
(VcE = 30 Vdc, Ib =0) 

Collector Cutoff Current 

(VcE = 1 00 Vdc, VBE(off) = 1 -5 Vdc) 

(VcE = 1 00 Vdc, VBE(off) = 1 -5 Vdc, Tc = 1 50°C) 

Emitter Cutoff Current 
(Vbe = 7.0 Vdc, Ic = 0) 

•ON CHARACTERISTICS (1) 

DC Current Gain 

He = 4.0 Adc, VcE = 4.0 Vdc) 
dc = 10 Adc, VcE =4.0 Vdc) 

Collector-Emitter Saturation Voltage 
dc = 4.0 Adc, Ib = 400 mAdc) 
dc = 10 Adc, Ib = 3.3 Adc) 

Base-Emitter On Voltage 

dc = 4.0 Adc, VcE = 4.0 Vdc) 

SECOND BREAKDOWN 

I Second Breakdown Collector Current with Base Forward Biased 

! ^ VcE = 40 Vdc, t = 1 .0 s; Nonrepetitive) 

DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

dc = 0.5 Adc, VcE = 10 Vdc, f = 1.0 MHz) 


•Small-Signal Current Gain 

dc = 1 .0 Adc, VcE = 4.0 Vdc, f = 1 .0 kHz) 


Symbol 


Min 


Max 


Unit 


j 1 1 1 


VCEO(sus) 

60 

- 

Vdc 

VCER(sus) 

70 

- 

Vdc 

•CEO 

- 

0.7 

mAdc 

'CEX 



mAdc 


— 

1.0 



- 

5.0 


'ebo 

- 

5.0 

mAdc 


hPE 

20 

5.0 

70 

- 

VcE(sat) 

- 

1.1 

3.0 

Vdc 

VBE(on) 

- 

1.5 

Vdc 


's/b 

2.87 

- 

Adc 
































VcE, COLLECTOR-EMITTER VOLtAGE (VOLTS) 









MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


NPN 

PNP 

2N3055A 

MJ2955A 

MJ15015 

MJ15016 


COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

. . . PowerBase complementary transistors designed for high power 
audio, stepping motor and other linear applications. These devices 
can also be used in power switching circuits such as relay or solenoid 
drivers, dc-to-dc converters, inverters, or for inductive loads requiring 
higher safe operating area than the 2N3055 and MJ2955. 

• Current-Gain — Bandwidth-Product @ = 1.0 Adc 

fT = 0.8MHz(Min)-NPN 
= 2.2 MHz (Min) -PNP 

• Safe Operating Area — Rated to 60 V and 

120 V, Respectively 


♦MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Collector-Emitter Voltage E 
Reversed Biased 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ T^; = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


VCEO 


VCBQ 


VCEV 


Pd 


Tj, Tstg 


2N3055A 

MJ2955A 


MJ15015 

MJ15016 


115 

0.65 


180 

1.03 


Watts 

W/OC 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Symbol 


0JC 


°c/w 


Indicates JEDEC Registered Data (2N3055A) 


FIGURE 1 - POWER DERATING 



50 75 100 125 150 

Tc, CASE TEMPERATURE (“O 


15 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60, 120 VOLTS 
115, 180 WATTS 


1;^ 


SEATING PLANE ^ 






1 — j 
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STYLE 1: 

PIN1. BASE 
2. EMITTER 
CASE COLLECTOR 

NOTES: 

1. ALL RULES AND NOTES ASSOCIATED WITH 
REFERENCED TO-204AA OUTLINE SHALL APPLY. 

2. DIAMETER V AND SURFACE WARE DATUMS. 

3. POSITIONAL TOLERANCE FOR HOLE Q: 
l»|g0.2S (0.01 01(3)1 W| V®| 

4. POSITIONAL TOLERANCE FOR LEADS: 
|»||)0.30<Q.012)(alW|V(»|Q'^ 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

B 

- 

21.08 

- 

0.830 

c 

6.3S 

7.62 

TJzsir 

"TTSlXr 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 


30.1 

BSC 

1.18 

BSC 

G 

10.9 

BSC 

0430 BSC 

H 

5.4( 

BSC 

0.215 BSC 

J 

16.8 

)BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

a 

3.81 

4.19 1 

0.150 

0.165 

R 

- 

26.67 

- 

1.050 

U 

2.54 

3.05 

0.100 

0.120 


3.81 

4.19 

0.150 

0.165 


CASE 1-04 
TO-204AA 
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NPN 2N3055A, MJ15015 
PIMP MJ2955A, MJ15016 


ELECTRICAL CHARACTERISTICS (Tc = 25°c unless otherwise noted). 

Characteristic | Symbol | Min | Max | Unir 


OFF CHARACTERISTICS (1) 


♦Collector-Emitter Sustaining Voltage 
dc = 200 mAdc, 1 b 0) 

2N3055A, MJ2955A 
MJ15015, MJ15016 

VcEO(sus) 

60 

120 

_ 

Vdc 

Collector Cutoff Current 


'CEO 




(VcE = 30 Vdc, VBE(off) = 0 Vdc) 

2N3055A. MJ2955A 


- 



(VcE = 60 Vdc, VBE(off) = 0 Vdc) 

MJ15015, MJ15016 


- 


miH 

♦Collector Cutoff Current 

2N3055A, MJ2955A 

'CEV 

- 

5.0 


(VcEV = Rated Value, VBE(off) = I -6 Vdc) 

MJ15015, MJ15016 


- 

1.0 

■■■ 

Collector Cutoff Current 

2N3055A, MJ2955A 

'CEV 

- 

30 

mAdc 

(Vqev ~ Rated Value, VBE(off) = 1-5 Vdc, 

MJ15015, MJ15016 


- 

6.0 


Tc = 150OC) 






♦Emitter Cutoff Current 

2N3055A,MJ2955A 

'ebo 

- 

5.0 

mAdc 

(Veb = 7.0 Vdc, Ic = 0) 

MJ15015,MJ15016 


- 

0.2 



♦SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 




Adc 

(t = 0.5 s non-repetitive) 2N3b55A, MJ2955A 



_ 


(VcE = 60Vdc) MJ15015, MJ150t6 



- 



♦ON CHARACTERISTICS (1) 


DC Current Gain 

(Ic = 4.0 Adc, VcE = 2.0 Vdc) 

(Iq = 4.0 Adc, Vqe ~ 4.0 Vdc) 
dC = 10 Adc, VcE = 4.0 Vdc) 





Collector-Emitter Saturation Voltage 




Vdc 

dc = 4.0 Adc, Ib = 400 mAdc) 


- 



dC = lOAdc, Ib = 3.3 Adc) 


- 



dc = 15 Adc, Ib = 7.0 Adc) 


- 



Base-Emitter On Voltage 

VBE(on) 

0.7 , 

1.8 

Vdc 

dc = 4.0 Adc, VcE = 4.0 Vdc) 






♦DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 2N3055A, MJ15015 

dc = 1.0 Adc, VcE = 4.0 Vdc, f = 1.0 MHz) MJ2955A, MJ15016 

fT 

0.8 

2.2 

6.0 

18 


Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 1 .0 MHz) 

Cob 

60 

600 

PF 


♦SWITCHING CHARACTERISTICS (2N3055A only) 


RESISTIVE LOAD | 

Delay Time 

(Vcc = 30 Vdc, Ic = 4.0 Adc, 

)B1 = Ib 2 = 0.4 Adc, 

tp = 25 JUS Duty Cycle < 2%) 

td 


0.5 

MS 

Rise Time 

tr 


4.0 

MS 

Storage Time 

Is 


3.0 

MS 

Fall Time- 

tf 


6.0 

MS 


(1 ) Pulse Test; Pulse Width = 300 ixs, Duty Cycle < 2%. 
♦Indicates JEDEC Registered Data (2N3055A) 
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V, VOLTAGE (VOLTS) hpE. DC CURRENT GAIN 


NPISI 2N3055A, MJ15015 
PIMP MJ2955A, MJ15016 


FIGURE 2 - DC CURRENT GAIN 


FIGURE 3 - COLLECTOR SATURATION REGION 


m 


0.2 0.3 0.5 0.7 1 2 3 5 7 10 15 

IC, COLLECTOR CURRENT (AMP) 


0.005 0.01 0.02 0.05 0.1 O.Z 0.5 1 2 

Ib, base CURRENT (AMP) 


FIGURE 4 - "ON" VOLTAGES 


, L ''BE(sat)@lc/'B= ■'0 

^•5j“VcE(sat)®*lc/'B = 10 


VBE(on)@VcE = 4V 


0.2 0.3 0.5 0.7 1 2 3 5 7 10 

IC, COLLECTOR CURRENT (AMP) 


FIGURE 5 - CURRENT-GAIN-BANDWIDTH PRODUCT 
10 


l■Blilllll■l 


0.2 a3 0.5 1.0 

Ic, COLLECTOR CURRENT (AMPS) 


FIGURE 6 - SWITCHING TIMES TEST CIRCUIT 
(Circuit shown is for NPN) 


FIGURE 7 - TURN-ON TIME 


'5tvcc-30v: 




-11V L_l 

ilN6073 


- 



I 1 


IIIIIH 

tr, tf < 10 ns 

o 


_ 

■■■■■■ 

Duty Cycle = 1 .0% 

-5 V 

0.1 

- 

■■■■■■■ 

■■■■■■ 



0.2 0.3 0.5 0.7 1 2 3 ! 


7 10 15 



IC, p0LLECT0R CURRENT (AMP) 
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FIGURE 11 - MJ2955A, MJ15016 
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FIGURE 13 - FORWARD BIAS SAFE OPERATING AREA 
MJ15015,MJ15016 







MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


NPN SILICON POWER TRANSISTOR 

. . . 2N3441 transistor is designed for use in general-purpose switching 
and linear amplifier applications requiring high breakdown voltages. 
It is characterized for use as: 

• Driver for High Power Outputs 

• Series and Shunt Regulators 

• Audio and Servo Amplifiers 

• Solenoid and Relay Drivers 

• Power Switching Circuits 
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2N3441 





ELECTRICAL CHARACTERISTICS = 25°C unless otherwise noted) 

Characteristic | Symbol | Min \ Max \ Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
dC * lOOmAdc, Ib = 0) 

VCEO(sus) 

140 

- 

Vdc 

Collector Cutoff Current 

*CEO 

. - 

100 

mA 

(VcE = 140 Adc, Ib = 0) 





Collector Cutoff Current 

«CEX 




(VcE = 140Vdc,VBE(off) = 1-5V) 



5.0 


(Vqe = 140 Vdc, VBE(off) = 1 5 V @ 1 50°C) 


- 

6.0 


Emitter Cutoff Current 

'ebo 

- 

1.0 

mA 

(Vbe = 7.0 Vdc, Ic = 0) 






ON CHARACTERISTICS 


DC Current Gain (1 ) 

dC = 0.5 Adc, VcE = 4.0 V) 
dc = 2.7 Adc, Vce = 4.0 V) 

hpE 

25 

5.0 

100 


Collector-Emitter Saturation Voltage (1) 
dC = 2.7 Adc, Ib - 0.9 Adc) 

VcE(sat) 

- 

6.0 

Vdc 

Base-Emitter On Voltage (1) 

(1^ = 2.7 Adc, = 4.0 Vdc) 

VBE(on) 


6.7 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

dc = 0.5 Adc, VcE = 4.0 Vdc, ftest = 1 kHz) 

hfe 

15 

75 

- 

Small-Signal Current Gain 

dc = 0.5 Adc, VcE = 4.0 Vdc, ftest = 0-4 MHz) 

ihfel 

5.0 




FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 
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VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power-handling ability 
of a transistor; average junction temperature and second break- 
down. Safe operating area curves indicate Iq-VcE limits of the 
transistor that must be observed for reliable operation, i.e., 
the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The data of Figure 1 is based on Tj(pk) = 200°C; T^ is 
variable depending on conditions. At high case temperatures, 
thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second break- 
down. 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


2N3442 

2N4347 


HIGH-POWER INDUSTRIAL TRANSISTORS 

NPN silicon power transistors designed for applications in 
industrial and commercial equipment including high fidelity audio 
amplifiers, series and shunt regulators and power switches. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = "I 0 Vdc (Max) @ Iq ^ 2.0 Adc - 2N4347 

• Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 120 Vdc (Min) - 2N4347 
140 Vdc (Min) - 2N3442 

• Excellent Second-Breakdown Capability 


5.0 AND 10 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

120, 140 VOLTS 
100, 117 WATTS 



^MAXIMUM RATINGS 

Rating 

Symbol 

2N4347 

2N3442 

Unit 

Collector-Emitter Voltage 

O 

1X1 

o 

> 

120 

140 

Vdc 

Collector-Base Voltage 

VCB 

140 

160 

Vdc 

Emitter-Base Voltage 

veb 

7.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

10 

Adc 

Peak 


10 

15** 


Base Current — Continuous 

•b 

3.0 

7.0 

Adc 

Peak 


8.0 

- 


Total Power Dissipation @ Tq = 25°C 

pd 

100 

117 

Watts 

Derate above 25°C 


0.57 

0.67 

W/°C 

Operating and Storage Junction 

I^J' Tstg 

-65 to -1-200 

°C 

Temperature Range 

. 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

2N4347 

2N3442 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.75 

1.5 

o 

o 

*lndicates JEDEC Registered Data. 





**This data guranteed in addition to JEDEC registered data. 





STYLE 1: 

PIN 1. BASE 

2. EMITTER 
CASE: COLLECTOR 

1. DIAMETERS Q, V AND SURFACE T ARE DATUMS. 

2. POSITIONAL TOLERANCE FOR HOLE Q: 

I 1-100.25 (0.010) @|T I 

3. POSITIONAL TOLERANCE FOR LEAD S: 

I 0100.30 (O.Q12)®|T|V(g>lQ®| 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5,1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

- 

1.550 

B 


21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

30.15 BSC 

1.187 BSC 

6 

10.92 BSC 

0.430 BSC 

H 

5.4 

}BSC 

0.215 BSC 

J 

16.8 

3 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

_ 

26.67 

- 

1.050 

V 

3.84 

4.09 

0.151 

0.161 


CASE 11-01 
TO-204AA 
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2N3442, 2IM4347 


ELECTRICAL CHARACTERISTICS (Tq » 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit ] 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 

{IC = 200mAdc, Ib = 0) 

2N4347 

2N3442 

VcEO(sus) 

120 

140 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(VcE = 100 Vdc, Ib = 0) 

2N4327 


- 

200 


(VcE = 140 Vdc. Ib = 0) 

2N3422 


- 

200 


Collector Cutoff Current 


•CEX 

■miim 


mAdc 

(VcE = 125 Vdc, VBE(off) = 1 -5 Vdc) 

2N4347 



2.0 


(VcE = 140 Vdc. VBE(off) = 1 -5 Vdc) 

2N3442 



5.0 


(VcE = 120 Vdc, VBE(off) = 1-5 Vdc, Tq = 150°C) 

2N4347 



10 


(VcE = 140 Vdc, VBE(off) = 1 -5 Vdc, Tq = 150°C) 

2N3442 



30 


Emitter Cutoff Current 


•ebo 



mAdc 

(Vbe = 7.0 Vdc, Ic = 0) 2N4347. 2N3442 | 


- 

5.0 



ON CHARACTERISTICS (1 ) 


DC Current Gain 

dc = 2.0 Adc, VcE = 4.0 Vdc) 
dC = 5.0 Adc, VcE = 4.0 Vdc) 
dc = 3.0 Adc. VcE = 4.0 Vdc) 
dc = 10 Adc, VcE ~ 4.0 Vdc) 

2N4347 

2N4347 

2N3442 

2N3442 

hPE 

15 

10 

20 

7.5 

60 

70 


Collector-Emitter Saturation Voltage 


VcElsat) 



Vdc 

dc = 2.0 Adc, Ib = 200 mAdc) 

2N4347 


- 

1.0 


dc = 5.0 Adc, Ib = 0.63 Adc) 

2N4347 


- 

2.0 


dC = lOAdc, Ib = 2.0Adc) 

2N3442 


- 

5.0 


Base-Emitter On Voltage 


VBE(on) 



Vdc 

dc = 2.0 Adc; VcE = 4.0 Vdc) 

2N4347 


- 

2.0 


dc = 5.0 Adc. VcE = 4.0 Vdc) 

2N4347 



3.0 


dc = 10 Adc, VcE = 4.0 Vdc) 

2N3442 


- 

5.7 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 

dc = 0.5 Adc, VcE 4.0 Vdc, ftest ~ 50 kHz) 
dc = 2.0 Adc, VcE = 4.0 Vdc, ftest = 40 kHz) 

2N4347 

2N3442 

fT 

200 

80 

- 


Small-Signal Current Gain 


hfe 



- 

dc = 0.5 Adc, VcE = 4 0 Vdc, f = 1 .0 kHz) 

2N4347 


40 

- 


dc = 2.0 Adc, VcE = 4.0 Vdc, f = 1 .0 kHz) 

2N3442 


12 

72 



•Indicates JEDEC Registered Data 

NOTES: 1 . Pulse Test: Pulse Width = 300 ius. Duty Cycle < 2.0%. 
2. fj = Ihfgl • ftest 


FIGURE 1 - POWER DERATING 
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Tc. CASE TEMPERATURE (OC) 
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hFE. DC CURRENT GAIN iQ, COLLECTOR-CURRENT (AMP) IC, COLLECTOR CURRENT (AMP) 


2N3442, 2N4347 


ACTIVE REGION SAFE OPERATING AREA INFORMATION 


FIGURE 2 - 2N3442 



There are two limitations on the power-handling ability 
of a transistor; average junction temperature and second break- 
down. Safe operating area curves indicate limits of the 

transistor that must be observed for reliable operation, i.e., 
the transistor must not be subjected to greater dissipation 


FIGURE 3 - 2N4347 



■ CURRENT LIMIT 
THERMAL LIMIT (? Tc = 25°C 
SINGLE PULSE 
SECOND BREAKDOWN LIMIT 


2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


than the curves indicate. 

The data of Figures 2 and 3 is based on Tj(pk) = 200°C; Tc 
is variable depending on conditions. At high case temperatures, 
thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second breakdown. 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IC, COLLECTOR CURRENT (AMP) 


FIGURE 5 - COLLECTOR-SATURATION REGION 
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MOTOROLA 


SEMICONDUCTOR 

TECHNICAL DATA 


2N3447 

2N3448 


HIGH-SPEED SILICON ANNULAR 
NPN POWER TRANSISTORS 

... for switching and amplifier applications 

FEATURES 

• Fast Switching: Total Switching Time = 1 .2 jus (Typ) @ 5.0 A 

• i High Gain: hpE = 40 to 120 @ 5.0 Amps 

• Guaranteed DC Safe Area: 1.5 Amps (Min) @ VcE = 40 Vdc 

• Low VcE(sat)’ 10 Volt (Typ), 1.5 Volts (Max) @ 5.0 Amps 

• Excellent Beta Linearity 
APPLICATIONS 

• Specified safe area of this series allows reliable design for inverters, 
converters, hammer, and servo drivers. 

• Fast response makes it ideal for series regulators; high switching 
speeds enhance its use in switching regulators. 

• Wide bandwidth and flat beta hold-up result In exceptional ampli- 
fier characteristics. 


MAXIMUM RATING 


Rating 

Symbol 

2N3447 

2N3448 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base Voltage 

VCB 

80 

100 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

10 

Vdc 

Collector Current-Continuous 

•c 

7.5 

Adc 

Base Current - Continuous 

>b 

4.0 

Adc 

Total Device Dissipation 

pd 

Figure 1, 2 (Figure 1, 3 

Watts 

Operating Junction Temperature 

Range 

Tj 

-65 to +200 




7.5 AMPERE 

POWER TRANSISTORS 
SILICON NPN 


60-80 VOLTS 
115 WATTS 





STYLE 1: 

PIN 1. BASE 

2. EMITTER 
CASE: COLLECTOR 

NOTES: 

1. OIAMETERS 0, V AND SURFACE T ARE DATUMS. 

2. POSITIONAL TOLERANCE FOR HOLE Q: 

I 0 0.25 (0.010) ®1t| V®| 

3. POSITIONAL TOLERANCE FOR LEAD S: 

1 (ll|0O.3O (0.012) ®|t| V® lQ®| 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5,1973. 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

■ - 

39.37 

- 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.4 

5 BSC 

0.215 BSC 

J 

16.8 

9 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 

Ivl 

3.84 

4.09 

0.151 

0.161 


CASE 11-01 
TO-204AA 
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2N3448 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic | 



Typ 



Emitter-Base Cutoff Current 



mn 

■■■ 



(Veb = 6.0 Vdc) 

2N3447 






(Veb = lOVDc) 

2N3448 






Collector-Emitter Cutoff Current 






mAdc 

(VcE = 60Vdc, Vbe = -1.0 Vdc) 

2N3447 




0.1 


(VcE = 60 Vdc, Vbe = -1.0 Vdc, Tc = 150°C) 

2N3447 




1.0 


(VcE = 80 Vdc, Vbe = - 1.0 Vdc) 

2N3448 




0.1 


(VcE = 80 Vdc, Vbe = -I.OVdc, Tc = 150°C) 

2N3448 




1.0 


Collector-Emitter Cutoff Current 


ICEO 


■■■ 


mAdc 

(VcE = 40 Vdc, Ib = 0) 

2N3447 


— 


1.0 


(VcE = 60 Vdc, Ib = 0) 

2N3448 


— 


1.0 


Collector-Base Breakdown Voltage 


V(BR)CBO 


■■■ 


Vdc 

dc = 1.0 mAdc, Ie = 0) 

2N3447 


80 


— 



2N3448 




— 


Collector-Emitter Sustaining Voltage 


VCEO(sus) 




Vdc 

dc = 100 mAdc, Ib = 0) 

2N3447 


60 

— 

— 



2N3448 


80 

— 

— 


DC Current Gain 


hpE 





dc = 0.5 Adc, VcE = 5.0 Vdc) 



40 

85 



dc = 5.0 Adc, VcE = 5.0 Vdc) 



40 

75 



Collector-Emitter Saturation Voltage 


VCE(sat) 

_ 

0.8 

1.5 

mRjjii 

dc = 5.0 Adc, Ib = 0.5 Adc) 






■g 

Base-Emitter Saturation Voltage 


VBE(sat) 

— 

1.0 

1.5 


dc = 5.0 Adc, Ib = 0.5 Adc) 






■g 

Base-Emitter Voltage 


Vbe 

— 

1.0 

MSM 

igH 

dc = 5.0 Adc, VcE = 5.0 Vdc) 





mm 

■g 

Small Signal Current Gain 


i^fe 



M 


(VcE = 10 Vdc, Ic = 0.5 Adc, f = 1.0 kHz) 



40 

— 



(VcE = 10 Vdc, Ic = 0.5 Adc, f = 10 MHz) 



1.0 

1.6 


igi 

Common Base Output Capacitance 


Cob 

_ 

260 



(VcB = 10 Vdc, f = 0.1 MHz) 







Switching Times 






fis 

(Vcc = 25 Vdc, Rl = 5.0 ohms, Ic = 5.0 A, Ibi 

= IB2 = 0.5 A) 






Delay Time plus Rise Time 


td + lr 

— 

0.15 

0.35 


Storage Time 


Is 

— 

0.9 

2.0 


Fall Time 


tf 

— 

0.15 

0.35 



SAFE OPERATING AREAS 
FIGURE 2 — 2N3447 FIGURE 3 — 2N3448 




VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area 
Curves indicate Iq — Vqe 
limits below which the de- 
vice will not go into secon- 
dary breakdown. Collector 
load lines for specific cir- 
cuits must fall within the 
applicable Safe Area to 
avoid causing a collector- 
emitter short. (Duty cycle 
of the excursions make no 
significant change in these 
safe areas.) To insure opera- 
tion below the maximum 
Tj^ the power-temperature 
derating curve must be ob- 
served for both steady state 
and pulse power conditions. 
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MOTOROLA 

NPN 

2N3583 thru 2N3585 

SEMICONDUCTOR 

2N4240 

TECHNICAL DATA 

PNP 


2N6420 thru 2N6422 


COMPLEMENTARY MEDIUM-POWER HIGH VOLTAGE 
POWER TRANSISTORS 


. . . designed for high-speed switching and linear amplifier applica- 
tions for high-voltage operational amplifiers, switching regulators, 
converters, inverters, deflection stages and high fidelity amplifiers. 


• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 175 to 300 Vdc @ Iq = 200 mAdc 

• Second Breakdown Collector Current — 

Is/b = 350 mAdc @ VcE = 100 Vdc - NPN 
= 150 mAdc @ VcE = 100 Vdc - PNP 

• Usable DC Current Gain to 2.0 Adc 


♦MAXIMUM RATINGS 


Rating 

Symbol 

2N3583 

2N6420 

2N3584 

2N6421 

2N3585 

2N6422 

2N4240 

Unit 

Collector-Emitter Voltage 

VCEO 

175 

250 

300 

300 

Vdc 

Collector-Base Voltage 

VCB 

250 

375 

500 

500 

Vdc 

Emitter-Base Voltage 

Veb 

— 6.0 

Vdc 

Collector Current — Continuous 

>C 

1.0 


— 

2.0 — 


— 

Adc 

-Peak (1) 


5.0 


— 

5.0 — 




Base Current 

•b 

— — ’-o __ _ 

Adc 

Total Power Dissipation 

Pd 








Watts 

@ Tc = 25°C, 


— - 


35- 





Derate above 25°C 


— 


0.2 




W/°C 

Operating and Storage June- 

Tj.Tjtg 



65 to -^200 — 


— 

OC 

tion Temperature Range 










THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

P*0JC 

5.0 

OC/W 

‘Indicates JEDEC Registered Data 









(1) Pulse Test: Pulse Width = 5.0 ms, Duty Cycle < 10%. 







1.0 AND 2.0 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

250-500 VOLTS 
35 WATTS 



I— u 



STYLE 1: 


PIN 1. BASE 

2. EMITTER 

CASE: COLLECTOR 



1 

p J 


H iJ 


1 V/ 1 


S 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

B 

n.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

0 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 . 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

- 

0.360 

- 

P 

- ■ 

1.27 

- 

0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

- 

8.89 


0.350 

T 


3.68 

- 

0.145 

U 


15.75 


0.620 


All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-213AA 
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2N3583 thru 2N3585 • 2N4240 — NPN 
2N6420 thru 2N6422 — PNP 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 






NPN 

PNP 


Characteristic 

NPN 

PNP 

Symbol 


IE!Slli^E!SH 

Unit 


*OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 
(Iq = 200 mAdc, Ig = 0) NPN 

dC = 50 mAdc, Ig = 0) PNP 

2N3583 

2N3584 

2N3585 

2N4240 

2N6420 

2N6421 

2N6422 

^'CEOfsus) 

175 

250 

300 

300 

■ 

175 

250 

300 

300 

■ 

Vdc 

Collector Cutoff Current 



'CEO 

■■■ 


■■■ 


mAdc 

(VcE = 150 Vdc, Ig - 0) 

2N3583 

2N6420 



10 


10 



2 N 3584 

2N6421 



5.0 


5.0 



2N3585 

2N6422 



5.0 


5.0 



2N4240 




5.0 

||B|B 

5.0 


Collector Cutoff Current 



.'CEX 


■■ 



mAdc 

(VcE = 225 Vdc, Vgg(off) = 1.5 Vdc) 

2N3583 

2N6420 


- 

■9 

- 

1.0 


(VcE = 340 Vdc, VgE(off) = 1.5 Vdc) 

2N3584 

2N6421 


- 

msm 

- 

1.0 


(VcE = '^SO Vdc, VgE(off) = 15 Vdc) 

2N3585 

2N6422 


- 

■9 

- 

1.0 



2N4240 



- 

2.0 

- 

2.0 


(VcE “ 225 Vdc, VgE(off) = 1-5 Vdc, Tq = 150^0 

2N3583 

2N6420 


- 

3.0 

- 



(VcE = 300 Vdc, VgEloff) = 1-5 Vdc, Tc = 150°C) 

2 N 3584 

2N6421 


- 

3.0 

- 

3.0 



2N3585 

2N6422 


- 

3.0 

- 

3.0 



2N4240 



- 

5.0 

- 

5.0 


Emitter Cutoff Current 



'EBO 



|||■||■ 


mAdc 

(VgE = 6.0 Vdc, Ic = 0) 

2N3583 

2N6420 


- 

5.0 


5.0 



2N3584 

2N6421 


- 

0.5 


0.5 



2N3585 

2N6422 


- 

0.5 

- 

0.5 



2N4240 



- 

0.5 

- 

0.5 



ON CHARACTERISTICS (1) 


DC Current Gain 

All 

All 

hpE 





imim 

dC = 0.1 Adc, VcE = 10 Vdc) 




40 

- 

40 

- 


*dC = 0.5 Adc, VcE = 10 Vdc) 

2N3583 

2N6420 


40 


40 

200 


*dC = 0.75 Adc, VcE = 2.0 Vdc) 

2N4240 



10 


10 

100 


dc = 0.75 Adc, VcE = 10 Vdc) 

2N4240 



30 

150 

30 

150 


*(\q = 1.0 Adc, VcE = 2.0 Vdc) 

2N3584 

2N6421 


8.0 

80 

8.0 

80 



2N3585 

2N6422 


8.0 

80 

8.0 

80 


dc = 1.0 Adc, VcE = 10 Vdc) 

2N3583* 

2N6420 



■9 

10 

9B 



2N3584 

2N6421 




25 

19 



2N3585 

2N6422 




25 

■9 

mu 

•Collector-Emitter Saturation Voltage 



VcE<sat) 



mm 


m 

dc = 0.75 Adc, Ig = 75 mAdc) 

2N4240 






1.0 


dc = 1.0 Adc, Ig = 125 mAdc) 

2N3583 

2N6420 





5.0 



2N3584 

2N6421 





0.75 



2N3585 

2N6422 


mi 


imi 

0.75 

■■ 

•Base-Emitter Saturation Voltage 



VBE(sat) 

■mi 

91 

mm 


Vdc 

dc = 0.75 Adc, Ig = 75 mAdc) 

2N4240 




im 


1.8 


dc = 1.0 Adc, Ig = 100 mAdc) 

2N3584 

2N6421 



mm 


1.4 



2N3585 

2N6422 


ml 

1.4 

m 

1.4 


Base-Emitter On Voltage 

All 

All 

VBE(on) 





Vdc 

dc = 1.0 Adc, VcE = 10 Vdc) 




- 

1.4 

■ 

1.4 



•Indicates JEDEC Registered Data. 

(1 ) Pulse Test; Pulse Width = 300 jus, Duty Cycle < 2%. 
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2N3583 thru 2N3585 • 2N4240 — NPN 
2N6420 thru 2N6422 — PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 






NPN 

PNP 


Characteristic 

NPN 

PNP 

Symbol 

I 

I 

I 

I 

Unit 


DYNAMIC CHARACTERISTICS 


*Current Gain - Bandwidth Product^ 

dc = 200 mAdc, Vqe ^ 10 Vdc, ftest = 5.0 MHz) 

2N3583 

2N3584 

2N3585 

2N4240 

2N6420 

2N6421 

2N6422 

It 

10 

15 

■ 

10 

15 

■ 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

All 




120 


120 

pF 

*Small-Signal Current Gain 

dc = 100 mAdc, Vge = 30 Vdc, f = 1.0 kHz) 

2N3583 

2N6420 

^fe 

25 

350 

25 

350 

,1 


*SWITCHING CHARACTERISTICS 


Rise Time 

(Vcc = 200 Vdc, Ic = 10 Adc, Rl = 200 Ohms, 

IBI - 100 mAdc) 

(Vcc = 200 Vdc, Ic = 0.75 Adc, Rl = 267 Ohms, 

Ibi =75 mAdc) 



■ 

1 

3.0 

0.5 

■ 

3.0 

0.5 

AS 

Storage Time 



ts 



■■1 



(Vcc = 200 Vdc, Ic = 1 0 Adc, 

2N3584 

2N6421 


- 

4.0 




1 Bl = Ib 2 " 1 00 mAdc) 

2N3585 

2N6422 







(Vcc = 200 Vdc, Ic = 0.75 Adc, 

2N4240 



- 

6.0 




Ib 1 ” Ib 2 “ 75 mAdc) 


• 







Fall Time 






Hm 


MS 

(Vcc = 200 Vdc, Ic = 1 0 Adc, 

2N3584 




3.0 


3.0 


Ib 1 T= Ib 2 ~ 100 mAdc) 

2N3585 








(Vcc = 200 Vdc, Ic = 0.75 Adc, 

2N4240 




3.0 


3.0 


•b 1 ^ IB2 “ 75 mAdc) 




■ 


■ 




Second Breakdown Collector Current 





■■m 



mAdc 

(VcE = 100 Vdc) 

All 



350 


150 

■ 



* Indicates JEDEC Registered Data 
= Ihfel • ftest- 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 



RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
Di MUST BE FAST RECOVERY TYPE, eg: 

MBD5300 USED ABOVE Ib ^ 100 mA 
MSD6100 USED BELOW Ib 100 mA 
FOR td and tr, DI IS DISCONNECTED AND V2 = 0. 

FOR PNPTEST CIRCUIT, REVERSE DIODE AND VOLTAGE POLARITIES. 
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fy, CURRENT GAIN -BANDWIDTH PRODUCT (MHz) t, TIME (jus) t,TIME(jus) 








2N3583 thru 2N3585 • 2N4240 — NPN 
2N6420 thru 2N6422 — PNP 


FIGURE 6 - THERMAL RESPONSE 



ACTIVE-REGION SAFE OPERATING AREA 

FIGURE 7 - 2N3583 thru 2N3585, 2N4240 FIGURE 8 — 2N6420 thru 2N6422 


3 



3.0 5.0 7.0 10 20 30 50 70 100 200 300 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 9 - POWER DERATING 



3.0 5.0 7.0 10 20 30 50 70 100 200 300 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC'^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves iridicate. 

The data of Figures 7 and 8 is based on Tq = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown pulse 
limits are valid for duty cycles to 10% but must be derated for 
temperature according to Figure 9. 

Tj(pk) may be calculated from the data in Figure 6. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by 
second breakdown. Second breakdown limitations do not derate 
the same as thermal limitations. Allowable current at the voltages 
shown on Figures 7 and 8 may be found at any case temperature 
by using the appropriate curve on Figure 9. 
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V. VOLTAGE (VOLTS) VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


NPN 

2N3714 thru 
2N3716 



SILICON NPN POWER TRANSISTORS 

. . . designed for medium-speed switching and amplifier applications. 
These devices feature; 

• Total Switching Time at 3 A typically 1.15 /xs 

• Gain Ranges Specified at 1 A and 3 A 

• Low VcE(sat)- typically 0.5V at Iq = 5A and I 3 = 0.5A 

• Excellent Safe Operating Areas 

• Complement to 2N3789-92 


10 AMPERE 

POWER TRANSISTORS 
SILICON NPN 

60-80 VOLTS 
150 WATTS 



CASE 11-01 
TO-204AA 
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SWITCHING TIMES (/IS .) 


2N3714 thru 2N3716 NPN 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

— 

Max 

Unit 

Emitter-Base Cutoff Current 


^EBO 





mAdc 

. (Veb =7Vdc) 

All Types 

— 



5 


Collector- Emitter Cutoff Current 


^CEX 





mAdc 

(Vc£ = 80 Vdc, Vg£ = -1:5 Vdc) 

2N3715 

— 



1 


(VcE = 100 Vdc, Vg£= -1.5 Vdc) 

2N3714, 2N3716 


— 



1 


(Vpp = 60 Vdc, Vpp = -1.5 Vdc, Tp = 150°C) 

2N3715 


— 



10 


(VcE =80 Vdc, Vgg = -1.5 Vdc, = 150^0 

2N3714, 2N3716 


— 



10 


Collector-Emitter Sustaining Voltage* 


— 

’^CEO(sus)* 





Vdc 

(!(. = 200 mAdc, Ig = 0) 

2N3715 

60 



— 


2N3714, 2N3716 


80 



— 


DC Current Gain * 


hFE* 







dc = 1 Adc. VcE = 2 Vdc) 

2N3714 

25 



90 


2N3715, 2N3716 


50 



150 


(I^ - 3 Adc, V^^g = 2 Vdc) 

2N3714 


15 



— 


2N3715, 2N3716 


30 





Collector- Emitter Saturation Voltage * 


''^CE(sat) * 





Vdc 

dc = 5 Adc, Ig = 0.5 Adc) 

2N3714 

— 



1.0 


2N3715, 2N3716 


— 



0.8 


Base-Emitter Saturation Voltage* 


VBE(sat) * 





Vdc 

dc = 5 Adc, Ig = 0.5 Adc) 

2N3714 

— 



2.0 


2N3715, 2N3716 


— 



1.5 


Base-Emitter Voltage* 


Vbe* 





Vdc 

(I(j = 3 Adc, V^^g = 2 Vdc) 

All Types 

— 

1 


1.5 


Small Signal Current Gain 


‘'fe 







(VcE = 10 Vdc, 1q = 0.5 Adc, f = 1 MHz) 

All Types 


4 

J 


— 


Switching Times (Figure 2) 




Typ 


US 

(Ip - 5 A, Ig^ = Ig2 = 0.5 Adc) 

Rise Time 
















tr 


0.45 



Storage Time 


ts 


0.3 



Fall Time 


tj 


0.4 




♦Use sweep test to prevent overheating 


FIGURE 2 - TYPICAL SWITCHING TIMES 



0.1 0.2 .0,3 0.5 0,7 1.0 2.0 3.0 5.0 

Ic, COLLECTOR CURRENT (AMPS) 


TEST CIRCUIT 
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Ib, base current (mA) Ic. COLLECTOR CURRENT (AMPS) 


2N3714 thru 2N3716 NPN 


FIGURE 3 - COLLECTOR CURRENT versus BASE CURRENT 




0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1000 

Ib, BASE CURRENT (mA) 


0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1000 

Ib, BASE CURRENT (mA) 




Vbe, base-emitter voltage (VOLTS) Vbe, BASE-EMITTER VOLTAGE (VOLTS) 


NOTE 1. Dotted line indicates metered base current plus the Icbo of the transistor at 175°C . 
NOTE 2. Pulse test : pulse width 200 /tsec, duty cycle 1-5% 






VcEisaf), COLLECTOR-EMIHER SATURATION VOLTAGE (VOLTS) 


2N3714 thru 2N3716 NPN 


FIGURE 6 - COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 



50 70 100 


500 700 1000 


, BASE CURRENT (mA) 


FIGURE 7 - BASE -EMITTER SATURATION VOLTAGE VARIATIONS 










.02 .03 .05 .07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 

Ic, COLLECTOR CURRENT (AMPS) 


FIGURE 1 1 - CURRENT GAIN - BANDWIDTH PRODUCT versus COLLECTOR CURRENT 



0.5 0.7 


Ic. COLLECTOR CURRENT (AMPS) 






2N3714 thru 2N3716 NPN 


SAFE OPERATING AREAS 




0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 80 90 

VcE, COLLECTOR-EMIHER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Ip — Vp^ limits 
below which the device will not go into secondary break- 
down. Collector load lines for specific circuits must fall 
within the applicable Safe Area to avoid causing a collector- 
emitter short. (Duty cycle of the excursions make no signifi- 


cant change in these safe areas.) To insure operation below 
the maximum T.,, the power-temperature derating curve 
must be observed for both steady state and pulse power 
conditions. 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


2N3719, 2N3720 
2N3867, 2N3868 
2N6303 


SILICON PNP POWER TRANSISTORS 

. . . designed for high speed, medium-current switching and high- 
frequency amplifier applications. 

• Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 40 Vdc (Min) - 2N3719,2N3867 
= 60Vdc(Min) - 2N3720,2N3868 
= 80 Vdc (Min) -2N6303 

• DC Current Gain — 

hpE = 25-180 @lG = 1.0 Adc - 2N3719,2N3720 
= 40-200 @lc = 1.5 Adc - 2N3867 
= 30-150 @ lc= 1.5 Adc - 2N3868,2N6303 

• Low Col lector- Emitter Saturation Voltage — 

VCE(sat) =0.75 Vdc@ lc= 1.0 Adc - 2N3719,2N3720 
= 0.75 Vdc @ Ic = 1.5 Adc - 2N3867,2N3868, 
2N6303 

• High Current-Gain — Bandwidth Product — 

fT = 90MHz(TYp) 

• 2N3867 JAN and 2N3868 JAN also Available 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N3719 

2N3867 

2N3720 

2N3868 

2N6303 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

VCB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

^ 4 .0 ^ 

Vdc 

Collector Current — Continuous 

Peak 

•c. 

— 3.0 ^ 

Adc 

10 

Base Current 

•b 

0.5 — — 

Adc 

Total Device Dissipation @ T^ = 25°C 
Derate above 25°C 

Pd 


Watts 

mW/°C 



Total Device Dissipation @ T/\ = 25°C 
Derate above 25°C 

Pd 


Watt 

mW/°C 


■" J.71 

Operating and Storage Junction 
Temperature Range 

TjJstg 


°C 

65 to -r20O ^ 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

ejc 

29 

°C/W 

Thermal Resistance, Junction to Ambient 

flJA 

175 

°c/w 


'Indicates JEDEC Registered Data 

FIGURE 1 - POWER DERATING 



3 AMPERE 

POWER TRANSISTORS 
PNP SILICON 

40,60,80 VOLTS 
6 WATTS 



H-A— 1 



DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

8.51 

9.40 

0.335 

0.370 

B 

7.75 

8.51 

0.305 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

5.08 BSC 

0.201 

BSC 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.734 

1.14 

0.029 

0.045 

K 

38.10 

44.45 

1.500 

1.750 

L 

6.35 

- 

0.250 

- 

M 

450 

BSC 

450 

BSC 

N 

— 

— 

P 

- 

1.27 

- 

0.050 

R 

2.54 

- 

0.100 

- 

S 

- 

0.25 

- 

0.010 


All JEDEC dimensions and notes apply. 


CASE 31-03 
TO-205AA 
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2N3719, 2N3720, 2N3867, 2N3868, 2N6303 


^ELECTRICAL CHARACTERISTICS {Tq = 25°C unless otherwise noted) 

Characteristic { Symbol | Min [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(IC = 20 mAdc, Ib = 0) 

2N3867 

2N3868 

2N6303 

VcEO(sus) 

B 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CB0 



Vdc 

(IC= 100 MAdc. Ie = 0) 

2N3867 



- 



2N3868 



- 



2N6303 



- 


Emitter-Base Breakdown Voltage 


V(BR)EB0 



Vdc 

(lE = 100 MAdc, lc = 0) 



4.0 

- 


Collector Cutoff Current 


•CEX 



MAdc 

(VcE = Rated VcB. VBE(off) = 2.0 Vdc) 



- 

1.0 


Collector Cutoff Current 


•CBO 



MAdc 

(VcB = Rated Vqb. 'E = 0, Tq = 150°C) 



- 

150 



ON CHARACTERISTICS (1) 


DC Current Gain 

(IC = 500mAdc, VcE= l OVdc) 2N3867 

2N3868. 2N6303 

dC = 1.5 Adc, VcE = 2.0 Vdc) 2N3867 

2N3868, 2N6303 

(IC = 2.5Adc, VcE =3.0Vdc) 2N3867 

2N3868, 2N6303 

dC = 3.0 Adc, VcE = 5.0 Vdc) 2N3867 

2N3868. 2N6303 

hpE 

50 

35 

40 

30 

25 

20 

20 

200 

150 


Collector-Emitter Saturation Voltage 

VCE(sat) 




dC = 500 mAdc, Ib = 50 mAdc) 


- 



dC = 1.5 Adc, Ib = 150 mAdc) 


- 



dC = 2.5 Adc, Ib = 250 mAdc) 


- 



Base-Emitter Saturation Voltage 

V BE (sat) 



Vdc 

(Iq = 500 mAdc, Ib = 50 mAdc) 


- 

1.0 


dC = 1.5 Adc, Ib = 150 mAdc) 


0.9 

1.4 


dC = 2.5 Adc, Ib = 250 mAdc) 


- 

2.0 



DYNAMIC CHARACTERISTICS 


1 

Current-Gain — Bandwidth Product (2) 

dc = 100 mAdc. VcE = 5.0 Vdc, ftest = 20 MHz) 

fT 

60 

- 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) 

Cob 

- 

120 

pF 

Input Capacitance 

(Veb = 3.0 Vdc, Ic = 0. f = 0.1 MHz) 

Cib 

- 

1000 

pF 

SWITCHING CHARACTERISTICS 

'V 




Delay Time 

(Vcc = 30 Vdc, VBEIoff) = 0, 

fd 

- 

35 

ns 

Rise Time 

Ic = 1.5 Adc, Ibi = 150 mAdc) 

tr 

- 

65 

ns 

Storage Time 

(Vcc = 30 Vdc, Ic = 1.5 Adc, 

ts 

- 

325 

ns 

Fall Time 

•b 1 “ (B2 ~ 150 mAdc) 

tf 

- 

75 

ns 


^Indicates JEDEC Registered Data 

(1 ) Pulse Test: Pulse Width ^ 300 MS. Duty Cycle ^ 2.0%. 

(2) <T= Ihfel* W- 
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2N3719, 2N3720, 2N3867, 2IM3868, 2N6303 


*ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

(IC = 20mAdc, Ib = 0) 

2N3719 

2N3720 

VcEO(sus) 

40 

60 

1 1 

Vdc 

Collector Cutoff Current 


•CEX 




(VcE = 40 Vdc. VBE{off) = 2.0 Vdc) 

2N3719 


- 

10 

juAdc 

(VcE = 60 Vdc. VBE(off) = 2.0 Vdc) 

2N3720 


- 

10 


( VcE = 40 Vdc. Vbe (off) = 2 0 Vdc, Tq = 1 BO^C) 

2N3719 


. _ 

1.0 

mAdc 

( VcE = 60 Vdc, Vbe (off ) = 2.0 Vdc, Tq = 1 SO^C) 

2N3720 


- 

1.0 


Collector Cutoff Current 


•CBO 



juAdc 

(VcB = 40 Vdc, Ie = 0) 

2N3719 


- 

10 


(VcB = 60 Vdc, Ie = 0) 

2N3720 


- 

10 


Emitter Cutoff Current 


•ebo 



mAdc 

(Vbe = 4.0 Vdc, ic = 0) 




1.0 



ON CHARACTERISTICS (1) 


DC Current Gain 
dc = 500 mAdc.VcE =1-5 Vdc) 
dC = 1.0 Adc, VcE = 1-5 Vdc) 
dc = 1.0 Adc, VcE = 1-5 Vdc, Tq = -40OC) 



180 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dc = 1.0 Adc, Ib = 100 mAdc, Tc = -AO^C to +100^0 


- 

0.75 


( Ic = 3.0 Adc, 1 B = 300 mAdc, Tc = - AO^C to +1 00°C) 


- 

1.5 


Base-Emitter Saturation Voltage 

Vbe (sat) 



Vdc 

dc = 1.0 Adc, Ib = 100 mAdc, Tc = -40°C to +100°C) 


- 

1.5 


dc = 3.0 Adc, Ib = 300 mAdc, Tc = -AO^C to 100^0 


- 

2.3 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

dc = 500 mAdc, VcE == 10 Vdc, ftest = 30 MHz) 


60 

- 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) 

^ob 

- 

120 

pF 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = 0.1 MHz) 

Cib 

- 

1000 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 12 Vdc, Vbe (off) = 0, Ic = 1.0 Adc, Ibi = 0.1 Adc) 

ton 

_ 

100 

ns 

Turn-Off Time 

(Vcc= 12 Vdc, lc= 1.0 Adc, Ibi = Ib 2= 100 mAdc) 

toff 

- 

400 

ns 


•Indicates JE DEC Registered Data 

(1) Pulse Test: Pulse Width ^ 300 ms. Duty Cycle = 2.0%. (2) ~ l^fe I • ^test- 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


Vcc 



FIGURE 3 - TURN-ON TIME 



3-34 


























































2N3719, 2N3720, 2N3867, 2N3868, 2N6303 


FIGURE 4 - THERMAL RESISTANCE 






OjC = 290C/W Max 


D CURVES APPLY FOR POWER 




READ TIME AT ti 


Tj(pk)-Tc = P(pk)0JC(t) 



2.0 3.0 5.0 7.0 10 


20 30 50 70 100 


200 300 500 700 1000 


FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 


Tj = 2000 c 

BONDING WIRE LIMITED — | 

THERMALLY LIMITED @ Tc = ZB^C 
(SINGLE PULSE) , 

SECOND BREAKDOWN LIMITED + 
CURVES APPLY BELOW + 

RATED VCEO 2N3719, 2N3862 
I I I I I I I 2N3720, 2N3868 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the 
transistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figures is based on Tj(pk) = 200°C; Tq is 
variable depending on conditions. Second breakdown pulse 
limits are valid for duty cycles to 10% provided Tj(pk)< 200^C. 
Tj(pk) be calculated from the data in Figure 4. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 


VcE, CDLLECTDR-EMITTER VDLTAGE (VDLTS) 


FIGURE 6 - TURN-OFF TIME 


IliS!! 

IfiSS!* 


Ill 


17 0.1 0.2 0.3 0.5 0.7 1.0 

IC, COLLECTOR CURRENT (AMP) 


FIGURE 7 - CAPACITANCE 


0.5 1.0 2.0 5.0 10 : 

Vr. reverse voltage (VOLTS) 











2N3719, 2N3720, 2N3867, 2N3868. 


FIGURE 8 - DC CURRENT GAIN 
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FIGURE 12 - COLLECTOR CUT-OFF REGION 



VbE, base-emitter voltage (VOLTS) 
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FIGURE 9 - COLLECTOR SATURATION REGION 
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FIGURE 13 - BASE CUT-OFF REGION 



Vbe, base-emitter voltage (VOLTS) 










HIGH VOLTAGE SILICON POWER TRANSISTORS 

. . .designed for high-speed switching, linear amplifier applications, 
high-voltage operational amplifiers, switching regulators, converters, 
inverters, deflection stages and high fidelity amplifiers. 

• Collector-Emitter Sustaining Voltage - 

VCEO(sus) = 225 Vdc @ Iq = 5.0 mAdc (2N3738 ) 

= 300 Vdc @ Ic = 5.0 mAdc {2N3739) 

• DC Current Gain - 

hpE = 40-200 @ Ic = 100 mAdc 

• Current-Gain — Bandwidth Product — 

fj = 10 MHz (Min) @ Ic = 100 mAdc 

• IS/b Rated to 2.0 Amperes 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N3738 2IVI3739 

Unit 

Collector-Emitter Voltage 

VcEO 

225 300 

Vdc 

Collector-Base Voltage 

VCB 

250 325 

Vdc 

Emitter-Base Voltage 

CD 

UJ 

> 

6.0 

Vdc 

Collector Current — Continuous 
— Peak 

'c 

1.0 

2.0 

Adc 

Base Current — Continuous 
— Peak 

•b 

0.50 
i 1.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

Derate above 25°C 

Pd 

20 ■■ 
0.133 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 

Tj/Tjtg 

-65 to -1^200 

1 

OC 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

7.5 

1 

°C/\N 


* Indicates JED EC Registered Data 
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2N3738, 2N3739 


ELECTRICAL CHARACTERISTICS (Tg = 25^C unless otherwise noted.) 

Characteristic | Symbol j Min { Max | Unit 


*OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 


VCEOIsus) 



Vdc 

(IC = 5.0mAdc, Ib *0) 

2N3738 


225 

- 



2N3739 


300 

- 


Collector-Emitter Cutoff Current 


'CEO 



mAdc 

(VcE = 125 Vdc, Ib = 0) 

2N3738 


- 

0.25 


(VcE = 200 Vdc, Ib = 0) 

2N3739 



0.25 


Collector-Base Cutoff Current 


•CBO 



mAdc 

(VcB = 250 Vdc, Ie = 0) 

2N3738 


- 

0.1 


(Vcb = 325 Vdc, Ie = 0) 

2N3739 


- 

0.1 


Collector Cutoff Current 


•CEV 



mAdc 

(VcE = 250 Vdc, VEB(off) = 1-5 Vdc) 

2N3738 

- ' 

0.5 


(VcE = 300Vdc, VEB(off) = 1-5 Vdc) 

2N3739 


- 

0.5 


(VcE = 125Vdc,VEB(off) = 1-5Vdc,Tc= lOO^C) 

2N3738 


- 

1.0 


(VcE = 200 Vdc, VEBioff ) = 1-5 Vdc, Jq = 100°C) 

2N3739 


- 

1.0 


Emitter-Base Cutoff Current 


'ebo 



mAdc 

(Veb = 6.0 Vdc) 



- 

0.1 



*ON CHARACTERISTICS 


DC Current Gain (1 ) 
dc = 50 mAdc, VcE = 10 Vdc) 
dc = 100 mAdc, VcE = 10 Vdc) 
dc = 250 mAdc, VcE = 10 Vdc) 

hpE 

30 

40 

25 

200 


Collector-Emitter Saturation Voltage (1) 

( Ic = 250 mAdc, 1 b = 25 mAdc) 

VcE(sat) 

_ 

2.5 

Vdc 

Base-Emitter "ON” Voltage (1) 
dc = 100 mAdc, VcE = 10 Vdc) 

VBE(on) 

- 

,0 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

dc = 100 mAdc, VcE = 10 Vdc, f = 10 MHz) 

It 

10 

_ 

MHz 

‘Output Capacitance 

(VcB = 100 Vdc, Ie = 0, f = 100 kHz) 

^ob 

_ 

20 

pF 

‘Small-Signal Current Gain 

dc = lOOmAdc, VcE = 20 Vdc, f = 1.0 kHz) 

'^fe 

35 

- 



‘Indicates JEDEC Registered Data 

(1) Pulse Test: Pulse Width ^300 ms. Duty Cycle ^2%. 

(2) fj = i hfe I • frequency 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 
D1 Must Be Fast Recovery Type, e.g. ^CC 



For t{j and t^, D1 is disconnected and V2 = 0 

For PNP test circuit, reverse diode and voltage polarities. 


2N3738, 2N3739 


FIGURE 3 - THERMAL RESPONSE 











MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


2N3740 

2N3741,A 


MEDIUM-POWER PNP TRANSISTORS 


. . . ideal for use as drivers, switches and medium-power amplifier 
applications. These devices feature: 

• Low Saturation Voltage - 0.6 VcE(sat) @ Ic 1 0 Amp 

• High Gain Characteristics — hpE^ *C ~ 250 mA; 30-100 

• Excellent Safe Area Limits (See Figure 2) 

• Low Collector Cutoff Current — 

100 nA (Max) 2N3740, 2N3741A 

• Complementary to NPN 2N3766 (2N3740) and 2N3767 (2N3741) 


POWER TRANSISTORS 

PNP SILICON 


60 -80 VOLTS 
25 WATTS 



*MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector-Base Voltage 


Collector Current — Continuous 
-Peak (Note 1) 


Total Device Dissipation @Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


VCEO 


Veb 


VCB 


Pd 


7'j^Tstg 


2N3741 

2N3741A 


4.0 

10 


25 

0.143 


Watts 

W/OC 


°C 


Note 1 : See Figure 2 



75 100 125 

Tc' TEMPERATURE (OC) 


Safe Area Curves are indicated by Figure 2. 

Both limits are applicable and must be observed. 


* Indicates JEDEC Registered Data. 
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All JEOEC Dimensions and and Notes Apply. 


CASE 80-02 
TO-213AA 
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CURRENT (AMP) 


2N3740, 2N3741,A 


*ELECTRICAL CHARACTERISTICS ( Je ^ 25^0 urriess otherwise noted) 

I Characteristic | Symbol j Min [ Max | Unit ~| 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage ® 


VcEO(sus)® 



Vdc 

(IC= lOOmAdc. Ib = 0) 

2N3740. 


60 



2N3741, 2N3741A 


80 

- 


Emitter Base Cutoff Current 


iebo 




(Veb 7.0 Vdc) 

2N3740, 2N3741 


- 

0.5 

mAdc 


2N3741A 



100 

nAdc 

Collector Cutoff Current 


•CEX 




(VcE = 60 Vdc, VBE(off) “ T5 Vdc) 

2N3740 


- 

100 

jwAdc 



— 

100 

nAdc 

(VcE = 80 Vdc, VBE(off) = TS Vdc) 

2N3741 


- 

100 

juAdc 


2N3741A 


— - 

100 

nAdc 

(VcE =40 Vdc, VBE(off) = l -S Vdc, Tq = ISO^C) 

2N3740 


- . 

1.0 

mAdc 




— 

0.5 


(Vce = 60 Vdc, VBE(off) = 1-5 Vdc, Tq = 150OC) 

2N3741 


- 

1.0 

mAdc 


2N3741A 



0.5 


Collector-Emitter Cutoff Current 


'CEO 




(VcE = 40 Vdc, Ib = 0) 

2N3740 

- 

1.0 

mAdc 




- 

1.0 

juAdc 

(Vce = 60 Vdc, Ib = 0) 

2N3741 


• - 

1.0 

mAdc 


2N3741A 



1.0 

/uAdc 

Collector Base Cutoff Current 


ICBO 




(VcB = 60Vdc, Ie = 0) 

2N3740 

- 

100 

/LiAdc 




- 

100 

nAdc 

(VcB = 80Vdc, Ie = 0) 

2N3741 



100 

/uAdc 


2N3741A 


- 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

dc = 100 mAdc, VcE = 1 0 Vdc) 
dC = 250 mAdc, Vqe = 1 0 Vdc) 
dc = 500 mAdc, Vqe = 1 0 Vdc) 
dc = 10 Adc, VcE = 10 Vdc) 

hpE© 

40 

30 

20 

10 

100 


Collector-Emitter Saturation Voltage 
dc= 1.0 Adc, Ib = 125 mAdc) 

VcElsat)© 

- 

0.6 

Vdc 

Base-Emitter Voltage 
dc = 250 mAdc, VcE = 10 Vdc) 

Vbe© 

- 

1.0 

Vdc 


TRANSIENT CHARACTERISTICS 


Current-Gain— Bandwidth Product 
dc = 100 mAdc, VcE = 10 Vdc, f = 1.0 MHz) 

fT 

3.0 

4.01^ 

- 

MHz 

Common Base Output Capacitance 
(VcB = 10 Vdc, 1c = 0, f = 100 kHz) 

Cpb 

- 

100 

PF 

Small-Signal Current Gain 
dc = 50 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hfe 

25 




* Indicates JEDEC Registered Data. 

tMotorola guarantees this value in addition to the JEDEC registered data shown. 
(D Pulse Test: Pulse Width 300 fis. Duty Cycle :^2.0%. 


FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 
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[thermal limitation I I 1 1 I 

pBASE-EMITTER DISSIPATION IS - 

- SIGNIFICANT ABOVE Ic = 2.0 AMP) - 

- PULSE DUTY CYCLE < 10% t | — 

J IJ 1 1 I 1 1 i 


The Safe Operating Area Curves indicate Iq - Vqe limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximurh Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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VOLTAGE (VOLTS) Vce, COLLECTOR-EMIHER VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 


2N3740, 2N3741,A 
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Ic, COLLECTOR CURRENT (mA) 


SATURATION REGION CHARACTERISTICS 

FIGURE 4 - COLLECTOR SATURATION REGION 
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FIGURE 5 - "ON" VOLTAGES 



FIGURE 6 - TEMPERATURE COEFFICIENTS 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


2N3766 

2N3767 


MEDIUM-POWER NPN SILICON TRANSISTORS 

. . . for use in driver circuits, switching, 
and medium-power-amplifiers applica- 
tions. These high performance devices 
feature: 


• Low Saturation Voltage — 1.0 VcE(sat) @ IC = 500 mA 

• High Gain Characteristics — hpE = 40-160 @ Iq = 500 mA 

• Packaged in the Compact, High-Efficiency TO-213AA Package 

• Complementary to PNP 2N3740 (2N3766) and 2N3741 {2N3767) 


MAXIMUM RATINGS 


Rating 

Symbol 

2N3766 

2N3767 


Collector- Emitter Voltage 

^'^CEO 

60 

80 

Qmi 

Collector-Base Voltage 

VcB 

80 

100 


Emitter- Base Voltage 

'^EB 

6. 

0 

QHHIIII 

Collector Current 

^C 

4. 

0 


Base Current 

1b 

2. 

0 

Qumm 

Total Device Dissipation @ Tq = 25°C 

Pd 

20 


Derate above 25°C 


0.133 


Operating and Storage Junction 
Temperature Range 

TjTstg 

-65 to +200 

m 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

BIIBB 

Thermal Resistance, Junction to Case 

0JC 

7.5 




0 25 50 75 100 125 150 175 

To CASE TEMPERATURE rC) 

Safe Area Curves are indicated by Figure 2. Both limits are applicable and must be observed. 


4 AMPERE 

POWER TRANSISTORS 

NPN SILICON 
60-80 VOLTS 
20 WATTS 
























■1 




s 


DIM 




MIN 

MAX 

MIN 

MAX 

mm 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

MiM 

■m 




E 

1.27 

1.91 



F 

24.33 

24.43 

0.958 

0.962 1 

G 

KE9 



itwnw 

H 

KXUi 


inis 

liiligi 

J 

EEM 


■UMTilM 


K 

Em 

- 

lllMHil 


P 

- 

1.27 

- 

0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

- 

8.89 

- 

0.350 

T 

- 

3.68 

- 

0.145 

U 

- 

15.75 

- 

0.620 


All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-213AA 
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2N3766, 2N3767 


ELECTRICAL CHARACTERISTICS (Tc = 25*C unless otherwise noted) 


Characteristic 


Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 


Collector- Emitter Voltage 



V(BR)CEO 



Vdc 

= 100 mAdc, Ig = 0) 

2N3766 


60 

— 


2N3767 



80 

— 


Emitter-Baae Cutoff Current 



Iebo 



mAdc 

(V£B= e.OVdc) 



— 

0. 75 


Collector Cutoff Current 



klEX 



mAdc 

(VcE = 80 Vdc, VgE = 1-5 Vdc) 

2N3766 



0.1 


(VjjE = 100 Vdc, VgE = 1.5 Vdc) 

2N3767 



— 

O.l 


iVrv. = 50 Vdc, Vnir = 1.5 Vdc, T,-, = 150^0 

2N3766 



_ 

1.0 


(VcE = TO Vdc, VgE = 1.5 Vdc, = 150^0 

2N3767 



— 

1.0 


Collector- Emitter Cutoff Current 



^CEO 



mAdc 

(VcE = 60 Vdc, Ib = 0) 

2N3766 


— 

0.7 


(VcE = 80 Vdc, Ib = 0) 

2N3767 



— 

0.7 


Collector-Base Cutoff Current 



ICBO 

1 



mAdc 

(V^B = 80 Vdc, Ie = 0) 

2N3766 


— 

O.l 


(VcB = 100 Vdc, Ie = 0) 

2N3767 

^ 1 

1 

1 

- 

0.1 



ON CHARACTERISTICS 


DC Current Gain 
(Iq = 50 mAdc, Vq^ =5.0 Vdc) 


‘‘fe 

30 

_ 

- 

(Iq = 500 mAdc, V^e = 5.0 Vdc) 



40 

160 


(Iq = 1.0 Adc, V(,g = 10 Vdc) 



20 

- 


Collector- Emitter Saturation Voltage 
{1q = 1.0 Adc, Ib = 0.1 Adc) 


^CE(s^it) 

_ 

2.5 

Vdc 

(Iq = 500 mAdc, Ig = 50 mAdc) 



— 

1.0 


Base- Emitter Voltage 
(Iq = 1.0" Adc, Vqe = 10 Vdc) 


^BE 

- 

1.5 

Vdc 


TRANSIENT CHARACTERISTICS 


Current-Gain - Bandwidth Product 
(I{^ = 500 mAdc, Vce = 10 Vdc, f = 10 MHz) 


fx 

10 



MHz 

Common-Base Output Capacitance 
(VcB = 10 Vdc, ^ = 0 Adc, f = 100 kHz) 


Cob 

_ 

50 

pF 

Small-Signal Current Gain 
(Ic = 100 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 


hfe 

40 


— 


Pulse Test: Pulse Width <300^/8, Duty Cycle <2.0%. 


FIGURE 2 - ACTIVE REGION SAFE AREAS 
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VcE, COLLECTOR EMITTER VOLTAGE (VOLTS) 


3 


The Safe Operating Area Curves indicate 
Ic-VcE limits below which the device will not 
go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case 
temperature and duty cycle of the excur- 
sions make no significant change in these 
safe areas.) The load line may exceed the 
BVceo voltage limit only if the collector cur- 
rent has been reduced to 20 mA or less be- 
fore or at the BVces limit; then and only then 
may the load line be extended to the abso- 
lute maximum voltage rating of BVcbo. To 
insure operation below the maximum Tj, 
the power-temperature derating curve must 
be observed for both steady state and pulse 
power conditions. 
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Ic, COLLECTOR CURRENT (mA) 


2N3766, 2N3767 







VOLTAGE (VOLTS) Vce, COLLECTOR-EMIHER VOLTAGE (VOLTS) 


2N3766, 2N3767 


FIGURE 7 - CURRENT GAIN 
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FIGURE 8 - COLLECTOR SATURATION REGION 
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FIGURE 10 - TEMPERATURE COEFFICIENTS 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N3771 

2N3772 


HIGH POWER NPN SILICON POWER TRANSISTORS 

. . . designed for linear amplifiers, series pass regulators, and inductive 
switching applications. 

• Forward Biased Second Breakdown Current Capability 

IS/b - 3.75 Adc @ VcE = 40 Vdc - 2N3771 
= 2.5 Adc @ VcE = 60 Vdc - 2N3772 


20 and 30 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

40 and 60 VOLTS 
150 WATTS 



♦MAXIMUM RATINGS 
Rating 


Collector-Emitter Voltage 


Collector-Emitter Voltage 

VcEX 

Collector-Base Voltage 

VCB 



Emitter-Base Voltage 


Collector Current — Continuous 

Peak 

Base Current — Continuous 
Peak 


Total Device Dissipation @ Tc 25°C 
Derate above 25°C 
Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 
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2N3771,2IVI3772 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

1 Characteristic i Symbol j Min | Max j Unit | 


OFF CHARACTERISTICS 


•Collector-Emitter Sustaining Voltage (1) 

(IC = 0.2 Adc, Ib = 0) 

2N3771 

2N3772 

VcEO(sus) 

40 

60 

_ 

Vdc 

Collector-Emitter Sustaining Voltage 

2N3771 

VcEX(sus) 

50 

- 

Vdc 

dc = 0.2 Adc, VEB(off) “I -5 Vdc, Rbe “ “1 00 Ohms) 

2N3772 


80 

- 


Collector-Emitter Sustaining Voltage 

2N3771 

VcER(sus) 


- 

Vdc 

dc = 0.2 Adc, Rbe = 1 00 Ohms) 

2N3772 


WBM 

- 


'Collector Cutoff Current 


•CEO 



mAdc 

(VcE = 30 Vdc, Ib = 0) 

2N3771 


- 

10 


(VcE=.50Vdc, Ib = 0) 

2N3772 


- 

10 


(Vce = 25 Vdc, Ib = 0) 






'Collector Cutoff Current 


•CEV 



mAdc 

(VcE = 50 Vdc, VEB(off) = 1 -5 Vdc) 

2N3771 


- 

2.0 


(VcE = 100 Vdc, VEB(off) = 1 -5 Vdc) 

2N3772 


- 

5.0 


(VcE = 45 Vdc, VEB(off ) = 1 -5 Vdc) 

2N6257 


- 

4.0 


(VcE = 30 Vdc, VEB(off) = 1 -5 Vdc, Tq = 1 50°C) 

2N3771 


- 

10 



2N3772 


- 

10 


(VcE = 45 Vdc, VEB(off) = 1 -5 Vdc, Tc = 150°C) 






'Collector Cutoff Current 






(Vcb = 50 Vdc, Ie = 0) 

2N3771 


- 



(VcB = 100 Vdc, Ie = 0) 

2N3772 


- 



’Emitter Cutoff Current 






(Vbe = 5.0 Vdc, Ic = 0) 

2N3771 


- 



(Vbe = 7.0 Vdc, Ic = 0) 

2N3772 


- 




*ON CHARACTERISTICS 


DC Current Gain (1 ) 


hpE 



_ 

dC = 1 5 Adc, VcE = 4.0 Vdc) 

2N3771 


15 

60 


dc= 10 Adc, Vce = 4.0 Vdc) 
dC = 8.0 Adc, VcE == 4.0 Vdc) 

2N3772 


15 

60 


dc = 30 Adc, Vce = 4.0 Vdc) 

2N3771 


5.0 



dC = 20 Adc, VcE = 4.0 Vdc) 

2N3772 


5.0 

- 


Collector-Emitter Saturation Voltage 


VcE(sat) 



Vdc 

dc = 15 Adc, Ib = 1.5 Adc) 

2N3771 

— 

2.0 


dC = 10 Adc, Ib = 1.0 Adc) 

2N3772 


- 

1.4 


dc = 30 Adc, Ib = 6.0 Adc) 

2N3771 


’• _ 

4.0 


dc = 20 Adc, lB = 4.0 Adc) 

2N3772 


- 

4.0 


Base-Emitter On Voltage 


VBE(on) 



Vdc 

dc = 15 Adc, VcE = 4.0 Vdc) 

2N3771 

- 

2.7 


(Iq = 10 Adc, Vqe = 4.0 Vdc) 
dc = 8.0 Adc, VcE = 4.0 Vdc) 

2N3772 


- 

2.2 



♦DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

dc = 1 .0 Adc, VcE = 4.0 Vdc, ftest = 50 kHz) 

^T 

0.2 

- 

MHz 

Small-Signal Current Gain 

dc = 1 .0 Adc, VcE = 4.0 Vdc, f = 1 .0 kHz) 

• ^fe 

40 

- 

- 


SECOND BREAKDOWN 


Second Breakdown Energy with Base Forward Biased 





Adc 

t = 1 .0 s (non-repetitive) 





(VcE = 40 Vdc) 

2N3771 



- 


(VcE = 60 Vdc) 

2N3772 



- 



•Indicates JE DEC Registered Data 
(1 ) Pulse Test: 300 ms. Rep. Rate 60 cps. 




























2N3771,2N3772 


FIGURE 2 - THERMAL RESPONSE - 2N3771, 2N3772 



FIGURE 3 - ACTIVE-REGION SAFE OPERATING AREA - 2N3771, 2N3772 
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There are two tirnitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic - limits of the tran- 
sistor that must be observed for reliable operation; i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 

Figure 3 is based upon JEDEC registered Data. Second break- 
down pulse limits are valid for duty cycles to 10% provided 
Tj(pk) < 200°C. Tj(pjt) may be calculated from the data of 
Figure 2. Using data of Figure 2 and the pulse power limits of 
Figure 3, Tj(p|^) will be found to be less than Tj(^x) 
widths of 1 ms and less. When using Motorola transistors, it is 
permissible to increase the pulse power limits until limited by 
^J(mex)- 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 4 - SWITCHING TIME TEST CIRCUIT 


FIGURE 5 - TURN-ON TIME 


VCC 
+30 V 


I 25#is , 


+11 V 
0 


1 V j - 

-9.0 V } 


tf, tf<10ns 
OUTY CYCLE = 1.0% 



RB and Rc are varied TO. OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg; 
MBD5300 USED ABOVE Ib «100 mA 
MS06100 USED BELOW Ib «100 mA 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N3773 


2N6609 


COMPLEMENTARY SILICON POWER TRANSISTORS 


16 AMPERE 
COMPLEMENTARY 
POWER TRANSISTORS 


The 2N3773 and 2N6609 are PowerBase power transistors de- 
signed for high power audio, disk head positioners and other linear 
applications. These devices can also be used in power switching cir- 
cuits such as relay or solenoid drivers, dc to dc converters or inverters. 


High Safe Operating Area (100% Tested) 
150 W@100 V 


Completely Characterized for Linear Operation 

High DC Current Gain and Low Saturation Voltage 
hpE = 15 (Min) @ 8 A, 4 V 
VcE(sat) = L4 V (Max) @ Iq = 8 A, le = 0.8 A 


140 VOLTS 
150 WATTS 
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2N3773 NPN/2N6609 PNP 


ELECTRICAL CHARACTERISTICS (Tq - 25^C unless otherwise noted.) 


Characteristic j 

Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS (1) 

*Coilector-Emitter Breakdown Voltage 
(IC=0.2 Adc, Ib“0) 

VcEO(sus) 

140 

- 

Vdc 

^Collector-Emitter Sustaining Voltage 

VCEX(sus) 

160 

- 

Vdc 

dc = 0.1 Adc, VBE(off) = 1-5 Vdc, RflE = 100 Ohms) 





Collector-Emitter Sustaining Voltage 

VcER(sus) 

150 

- 

Vdc 

dc = 0.2 Adc, Rbe ' 100 Ohms) 





•Collector Cutoff Current 

<CEO 



mAdc 

{VcE*120Vdc, Ib=0) 


- 

10 


•Collector Cutoff Current 

•CEX 



mAdc 

(VcE = 140 Vdc, VBE(off) = 1-5 Vdc) 


- 

2 


(VcE = 140 Vdc, VBE(off) = 1-5 Vdc, Tq = 150°C) 


- 

10 


Collector Cutoff Current 

•CBO 

- 

2 

mAdc 

(Vgb = 140 Vdc. IE = 0) 





•Emitter Cutoff Current 

Iebo 

— 

5 

mAdc 

(Vbe = 7 Vdc. lc = 0) 





ON CHARACTERISTICS (1) 

DC Current Gain 

hpE 



_ 

•dc = 8 Adc, VcE = 4Vdc) 


15 

60 


dc= 16 Adc, Vce = 4 Vdc) 


5 




Collector-Emitter Saturation Voltage 

VcE(sat) 




•dc = 8 Adc, IB = 800 mAdc) 


_ 



dC= 16 Adc, Ib = 3.2 Adc) 


- 



•Base-Emitter On Voltage 

VBE(on) 

_ 

2.2 

Vdc 

dc = 8 Adc, VcE = 4 Vdc) 






DYNAMIC CHARACTERISTICS 


Magnitude of Common-Emitter 

Small-Signal, Short-Circuit, Forward Current Transfer Ratio 
dc = 1 A, f = 50 kHz) 


4 



•Small-Signal Current Gain 

dc = 1 Adc. VcE = 4 Vdc, f = 1 kHz) 

hfe 

40 

— 

- 


SECOND BREAKDOWN CHARACTERISTICS 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 

1^ 

- 

Adc 

t = 1 s (non-repetitive), Vce = 100 V, See Figure 12 




(1 ) Pulse Test: Pulse Width = 300 ns, Duty Cycle < 2%. 


* Indicates JED EC Registered Data 
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V, VOLTAGE (VOLTS) Vc^, COLLECTOR-EMITTER VOLTAGE (VOLTS) hp^, DC CURRENT GAIN 


2N3773 NPN/2N6609 PNP 




2N3773 NPN/2N6609 PNP 


FIGURE 7 - FORWARD BIAS SAFE OPERATING AREA 



VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the powerhandling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — V^E limits of the tran- 
sistor that must be observed for reliable operation: i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 


The data of Figure 7 is based on Tj(pk) =200°C;Tc is variable 
depending on conditions. Second breakdown pulse limits are vaiid 
for duty cycles to 10% provided < 200°C. At high case 

temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 



Tr. CASE TEMPERATURE (<>0 




MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N3789 

thru 

2N3792 


SILICON PNP POWER TRANSISTORS 

. . . designed for medium-speed switching and amplifier applications. 
These devices feature: 

• Total Switching Time @ 3 A « 1 /xs (typ) 

• Two Gain Ranges: 

hpE (min) = 15 and 30 @ 3 A (2N3t89, 2N3790) 

25 and 50 @ 1 A (2N3791, 2N3792) 

• Low VcE(sat) = 0-5 V (typ) @ Ic = 4.0 A, Iq = 0-4 A 

• Excellent Safe Area Limits 

• Complementary NPN types available — 2N3713 thru 2N3716 


10 AMPERE 

POWER TRANSISTORS 
PNP SILICON 

60-80 VOLTS 
150 WATTS 










2N3789 thru 2N3792 


ELECTRICAL CHARACTERISTICS (Tc = 25“C unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

Collector-Emitter Sustaining Voltage* 


VcEO(sus)* 



Vdc 

{IC = 200 mAdc, Ib = 0) 

2N3789, 2N3791 


60 

- 



2N3790, 2N3792 


80 

- 


Collector-Emmiter Cutoff Current 


•CEX 



mAdc 

(VcE = 60 Vdc, Vbe = -1-5 Vdc) 

2N3789, 2N3791 

- 

1 


(VcE = 80 Vdc, Vbe = -1-5 Vdc) 

2N3790. 2N3792 


- 

1 


(VcE = 60 Vdc, Vbe = -1 -5 Vdc, Tc ^ 1 50°C) 

2N3789, 2N3791 


- 

5 


(VcE = 80 Vdc, Vbe = -1 -5 Vdc, Tc = 1 50°c) 

2N3790, 2N3792 


- 

5 


Emitter-Base Cutoff Current 


lEBO 



mAdc 

(Veb ~ 7 Vdc) 

All Types 


- 

5 


DC Current Gain* 


hpE* 



- 

(IC= 1 Adc, Vce = 2 Vdc) 

2N3789, 2N3790 


25 

90 



2N3791,2N3792 


50 

180 


(IC = 3 Adc. Vce = 2 Vdc) 

2N3789, 2N3790 


15 

- 



2N3791, 2N3792 


30 

- 


Collector-Emitter Saturation Voltage* 


VcE(sat)* 



Vdc 

(IC = 4 Adc, Ib =0.4 Adc) 

2N3789, 2N3790 


- 

1.0 


(IC= 5 Adc, lB = 0.5Adc) 

2N3791,2N3792 


- 

1.0 


Base-Emitter On Voltage* 


VBE(on)* 



Vdc 

dc = 5 A, Vce = 2 Vdc) 

2N3789, 2N3790 


- 

2.0 



2N3791,2N3792 


- 

1.8 


dC = 10 Adc, Vce 4 Vdc) 

All Types 


- 

4.0 


Current Gain — Bandwidth Product 


^T 



MHz 

(Vce = 10 Vdc, Ic = 0.5 Adc, f =1 MHz) 

All Types 


4 

- 



•Sweep T est: 1 /2 sine wave cycle @ 60 cps. 


FIGURE 2 - TYPICAL SWITCHING TIMES AND TEST CIRCUIT 
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2N3789 thru 2N3792 


SAFE OPERATING AREAS 



0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 80 90 

VcE, COLLECmEMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Ic — Vce limits 
below which the device will not go into secondary breakdown. 
Collector load lines for specific circuits must fall within the ap- 
plicable Safe Area to avoid causing a collector-emitter short. 


(Duty cycle of the excursions make no significant change in 
these safe areas.) To insure operation below the maximum Tj, 
the power-temperature derating curve must be observed for 
both steady state and pulse power conditions. 


FIGURE 9 - CUT-OFF REGION TRANSCONDUCTANCE 



Vrp. BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 10 - COLLECTOR CUT-OFF CURRENT versus 
BASE-EMITTER RESISTANCE 



10 100 IK 10 K 

Rbe. EXTERNAL BASE-EMITTER RESISTANCE (OHMS) 





MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 



NPN 


2N3902 



HIGH VOLTAGE NPN SILICON TRANSISTORS 

. . . designed for use in high-voltage inverters, converters, switching 
regulators and line operated amplifiers. 

• High Collector-Emitter Voltage — Vqex 700 Vdc 

• Excellent DC Current Gain — 

hpE = 10 (Min) @ Iq = 2.5 Adc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) 0-8 Vdc {Max) .@ Ic = 10 Adc 


*MAXIMUM RATINGS 

Rating 

Symbol 

2N3902 

Unit 

Collector-Emitter Voltage 

VCEO 

400 

Vdc 

Collector-Emitter Voltage 

VCEX 

700 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

•c 

3.5 

Adc 

Base Current 

‘b 

2.0 

Adc 

Total Device Dissipation @ Tq = 75°C 

Pd 

too 

Watts 

Derate above 75°C 


1.33 

W/OC 

Operating Junction Temperature Range 

Tj 

-65 to +150 

OC 

Storage Temperature Range 

^stg 

-65 to +200 

OC 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

^JC 

0.75 

OC/W 

*lndicatesJEOEC Registered Data 


PD, POWER DISSIPATION (WATTS) 

o o o o o § 

FIGURE 1 ^POWER DERATING 
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Tc, CASE TEMPERATURE (OC) 



3.5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

400 [VOLTS 
100 WATTS 




NOTES: 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE 0: 

I 4- I i 13 (0.005) © I T I V© I 

FOR LEADS: , 

[ 4- I ilSIO.OOSi^T I V® I Q©| 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 


- 


- 


B 

- 

wfini 

- 


C 

6.35 

_ 7.62 

■iKHi 

■ilcfiliB 

D 

0.97 

■wia 

■iKiMii 

■iMiEkM 

E 

■Kill 

Uil 

■lill.-%‘t 

■ndWia 



1.187 BSC 

G 



H 

5.46 BSC 

0.215 BSC 

J 

■iWAl-.klil 

0.665 BSC 

"k 

Util 


mm 

■iMiK 

Q 


■19 

■iitaii 


R 

- 


- 

1.050 

U 

4.83 


0.190 

0.210 

_)LJ 

3.81 

. JJ1.J 

0.150 

0.165 


CASE 1-05 
TO-204AA 
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2N3902 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

I Characteristic | Symbol | Mih | Max | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 

dC = 100 mAdc, Ig = 0) (See Figure 12) 

VcEOIsus) 

325 

_ 

Vdc 

Collector Cutoff Current 

•CEO 




(VcE =400 Vdc. Ig =0) 


- 

,0.25 


Collector Cutoff Current 

•CEX 




(VcE = 700 Vdc, VEg(off) = 1-5 Vdc) 


- 



(VcE = 400 Vdc, VEg(off) = 1 .5 Vdc, Tq = 1 25°C) 


- 



Emitter Cutoff Current 

•ebo 




(VgE = 5.0 Vdc, lc = 0) 


- 

5.0 



ON CHARACTERISTICS (1) 


DC Current Gain 

(IC = 1.0 Adc, Vce = 5.0 Vdc) 
dc = 2.5 Adc, VcE = 5.0 Vdc) 

hPE 

30 

10 

90 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dc = 1.0 Adc, Ig = 0.1 Adc) 


- 

0.8 


dc = 2.5Adc, lg-0.5Adc) 


- 

2.5 


Base-Emitter Saturation Voltage 





dc = 1.0 Adc, Ig -0.1 Adc) 


- 



dc 2.5 Adc, Ig 0.5 Adc) 


- 




DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

It 




dc = 0.2 Adc, VcE = 10 Vdc) 



- 



* Indicates JEDEC Registered Data 

(1) Pulse Test: Pulse Width < 300 /us. Duty Cycle < 2.0%. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


|\ lBl = 100mA 
=»500mA |\ ^ 


-r 

-5.0f/s- 


IB2 (^500 mA) 


INPUT CURRENT WAVEFORM 




5.0% Duty Cycle 
tr = 100 ns 


FIGURE 3 -TURN-ON TIME 
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IC, COLLECTOR CURRENT (AMP) 















2N3902 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE-OPERATING AREA 



5.0 10 20 50 100 200 500 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate Ic—Vqe limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figures is based on Tj(pi^) = 150°C; Tq is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided Tj(pk) ^ 150°C. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 




0.05 0.1 0.2 0.5 t.O 2.0 5.0 



30 1 ^ 1 L I . ^ ^ 1 J .. L L1JJ 

1.0 2.0 3.0 5.0 10 20 30 50 100 


IC, COLLECTOR CURRENT (AMP) 


Vr, REVERSE VOLTAGE (VOLTS) 





Ic, COLLECTOR CURRENT (mA) HfbDC CURRENT GAIN 


2N3902 



I-U I — 1.. I 1 , M I 1 1 — I 1 1 — I I I I I 1 1 1 — I UU 

0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

Ic, COLLECTOR CURRENT (AMP) 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 


Ic, COLLECTOR CURRENT (AMP) 




0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 


Vbe, base emitter voltage (VOLTS) Ic, COLLECTOR CURRENT (AMF) 


FIGURE 12-COLLECTOR-EMITTERSUSTAINING VOLTAGE TEST CIRCUITS AND LOAD LINES 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N4233A 


MEDIUM-POWER SILICON TRANSISTOR 

. . . designed for general-purpose power amplifier and switching 
applications. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0-7 Vdc (Max) @ Iq = 1.5 Adc 

• Low Leakage Current — IqEX ” 0.1 mAdc (Max) 

• Excellent DC Current Gain — hpg = 25-100 @ Iq =1.5 Adc 

• High Current Gain — Bandwidth Product — 

fj = 4.0 MHz @ Ic = 0.25 Adc 


*MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VcEO 

80 

Vdc 

Collector-Base Voltage 

VCB 

80 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — 

•c 



Continuous 




Peak 



miiiiiiiiiiii 

Base Current 

■b 

2.0 

Adc 

Total Device Dissipation @ 

Pd 



Tc = 25X 


75 

Watts 

Derate above 25°C 


0.43 

wrc 

Operating and Storage 

Tj, Tstg 

-65 to -i-200 

°C 

Junction Temperature Range 




* THERMAL CHARACTERISTICS 


3 


1 Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

2.32 

°C/W 


•Indicates JEDEC registered data. (All values meet or exceed JEDEC registered data). 





I- u — -1 



STYLE 1: 

PIN 1. BASE 

2. EMITTER 

CASE; COLLECTOR ‘ 

s 

F 



sn 





DIM 

MILLIMETERS 

WMIE 

[HOH 

MIN 




B 

Bi!l 




wm 





D 

mm 



ftW 

BH 

warm 

1.91 



HH 





mm 


fcHcjcIl 

iillilil 


mm 

wxm 

iiim 


tiiiiiiJh 

n 

lEKIili 




mm 

lilEM 

- 


- 

n 

- 

■i'M 

- 

EEm 

IDI 

BiOi 



[iimi 

KH 

- 

i.TM 

'H91 

iiiKkilhi 

mm 

- 


- 


[Ml 

- 


- 



All JEDEC Dimensions and and Notes Apply. 

CASE 80*02 
TO-213AA 
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2N4233A 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

*OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
dC = 100 mAdc, Ib = 0) 

VCEO(sus) 

80 

— 

Vdc 

Collector Cutoff Current 
(VcE' = 70 Vdc, Ib = 0) 

•CEO 

— 

1.0 

mAdc 

Collector Cutoff Current 

(VcE = 80 Vdc, VBEIoff) = 1-5 Vdc) 

(VcE = 80 Vdc, VBE(off) = l Vdc, Tq = 150°C) 

•CEX 


0.1 

1.0 

mAdc 

Collector Cutoff Current 
(VcB = 80 Vdc, Ie = 0) 

ICBO 


0.05 

mAdc 

Emitter Cutoff Current 
(Vbe = 5.0 Vdc, Ic = 0) 


— 

0.5 



ON CHARACTERISTICS 


DC Current Gain (1) 
*(IC = 0.5 Adc, VcE 
*(IC = 1.5 Adc, VcE 

*(IC = 3.0 Adc, VcE 
*(IC = 5.0 Adc, VcE 

= 2.0 Vdc) 

= 2.0 Vdc) 

= 2.0 Vdc) 

= 4.0 Vdc) 

hFE 

40 

25 

10 

4.0 

100 


^Collector-Emitter Saturation Voltage (1) I 




Vdc 

dC = 1.5 Adc, Ib = 

0.15 Adc) 


— 

0.7 


dC = 3.0 Adc, Ib = 

0.3 Adc) 


— 

2.0 


dC = 5.0 Adc, Ib = 

1.25 Adc) 


— 

4.0 


*Base-Emitter On Voltage (1) I 


— 

1.4 

Vdc 

dC = 1.5 Adc, VcE 

= 2.0 Vdc) 






*DYNAIVIIC CHARACTERISTICS 


Current Gain — Bandwidth Product 
dC = 0.5 Adc, VcE = 10 Vdc, ftest = 1-0 MHz) 

fr 

4.0 

— 


Output Capacitance 
(Vcb 10 Vdc, Ie = 0, f = 0.1 MHz) 

Cob 

— 

300 

PF 

Small-Signal Current Gain 
dC = 0.5 Adc, VcE = 10 Vdc, f = 1.0 kHz) 

hfe 

20 

— 

— 


*lndicates JEDEC registered data. 

(1) Pulse Test: Pulse Width 300 /is, Duty Cycle « 2.0%. 


3 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 



ARE VARIED TO OBTAIN DESIRED CURRENT LEVELS 
Di MUST BE FAST RECOVERY TYPE, eg 
MBD5300 USED ABOVE Ib ^ 100 mA 
MSD6100 USED BELOW Ifi ^ 100 mA 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

IC, COLLECTOR CURRENT (AMPERES) 
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r{t), EFFECTIVE TRANSIENT 

t, TIME (ms) tC, collector CURRENT (AMP) THERMAL RESISTANCE (NORMALIZED) 


2N4233A 





I I M M II I I I I I I I II 

2N4231Athru 2N4233A (NPN) 

— 2N6312 thru 2N6314 (PNP) 

I I I I I I Mill 


0.2 0.3 0.5 0.7 1.0 


2.0 3.0 5.0 


IC, COLLECTOR CURRENT (AMPERES) 


Vr, REVERSE VOLTAGE (VOLTS) 













2N4233A 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 


IC, COLLECTOR CURRENT (AMPERES) 



1.0 2.0 5.0 10 20 50 100 200 500 1000 


IB, BASE CURRENT (mA) 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

IC, COLLECTOR CURRENT (AMPERES) 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


2N4347 
See Page 3>15 


2N4398, 

2N4399 2N5745 


PNP SILICON HIGH-POWER TRANSISTORS 


. . . designed for use in power amplifier and switching circuits. 


• Low Collector-Emitter Saturation Voltage — 

IC = 15 Adc, VcE(sat) = 10 Vdc (Max) 2N4398,99 
= 1.5 Vdc (Max) 2N5745 

• DC Current Gain Specified — 1.0 to 30 Adc 

• Complements to NPN 2N5301, 2N5302, 2N5303 


"MAXIMUM RATINGS 


Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current — Continuous 

Peak 

Base Current — Continuous 

Peak 

Total Device Dissipation @7^ = 25°C** 
Derate above 25°C 
Total Device Dissipation @ Tq = 25°C 

Derate above 25° C 

Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 

Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 


Symbol 


2N4398I 2N4399 I2N5745 


Yqeq . 


VCB 


80 




30 

50 


30 

50 


20 

50 


'b 


' 7.5- 
■ 15- 


Pd 


- 5.0- 
-28.6- 


Watts 

mW/OC 


Pd 


- 200 - 

-1.15- 


Watts 

w/°c 


Tj.Tstg 


OC 


Symbol 

QJC 

®JA 


Max 

0.875 

35 


Unit 

OC/W 

OC/W 


*lndicatesJEDEC Registered Data 

‘Motorola guarantees this data in addition to JEDEC Registered Data. 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 


r 

< 

5 


d 

a. 



0 25 50 75 100 125 150 175 200 

T, TEMPERATURE (OC) 


Safe Area Curves are indicated by Figure 13. All 
limits are applicable and must be observed. 


20, 30 AMPERE 
POWER TRANSISTORS 

PNP SILICON 

40-60-180 VOLTS 
200 WATTS 



A 



STYLE 1: STYLES; 

PIN 1. BASE PINT ANODE 

2. EMITTER 2. CATHODE 

CASE: COLLECTOR 
NOTES: 

1. DIAMETERS Q, V AND SURFACE T ARE DATUMS. 

2. POSITIONAL TOLERANCE FOR HOLE Q: 
m 0.25 (0.010) (m>|t1v (8)1 

3. POSITIONAL TOLERANCE FOR LEADS: 

I (DI0O.3O 10.012) (B)|T|V(a> I 0 0)1 

4. DIMENSIONING AND T0LERANCIN6 PER ANSI 
Y14.5,1973. 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

B 

_ 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 


_ 

3.43 

- 

0.135 

F 

30.15 BSC 

1.187 BSC 


10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.8 

9 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

_ 

26.67 

- 

1.050 

V 

3.84 

4.09 

0.151 

0.161 


CASE 11-01 
TO-204AA 
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2N4398, 2N4399, 2N5745 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic j Symbol | Min [ Max | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (11 
dC = 200 mAdc, Ig = 0) 

2N4398 

2N4399 

2N5745 

VCEO(sus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(VcE = 40 Vdc, Ig = 0) 

2N4398 


_ 

5.0 


(VcE = 60 Vdc< Ig == 0) 

2N4399 


— 

5.0 


(VcE = 80 Vdc, Ig = 0) 

2N5745 


— 

5.0 


Collector Cutoff Current 


ICEX 



mAdc 

(VcE = 40 Vdc, VgE(off) = 1-5 Vdc) 

2N4398 


— 

5.0 


(VcE = 60 Vdc, VgE(off) = 1.5 Vdc) 

2N4399 


— 

5.0 


(VcE = 80 Vdc, VgE(off) = l-S Vdc) 

2N5745 


— 

5.0 


(VcE = 30 Vdc, VgE(off) = 1-5 Vdc, 

2N4398, 2N4399 


— 

10 


Tc = 150°C) 






(VcE = 80 Vdc, VgE(off) = 1-5 Vdc, 

2N5745 


— 

10 


Tc = 150“C) 






Collector Cutoff Current 


'CBO 



mAdc 

(Vcg = 40 Vdc, lE = 0) 

2N4398 


— 

1.0 


(VcB = 60 Vdc, lE = 0) 

2N4399 


— 

1.0 


(VcB = 80 Vdc, Ie = 0) 

2N5745 


— 

1.0 


Emitter Cutoff Current 


'ebo 

_ 

5.0 

mAdc 

(Veb = 5.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain (1) 
dC = 1.0 Adc, VcE = 2.0 Vdc) 
dC = 10 Adc, VcE = 2.0 Vdc) 
dC = 15 Adc, VcE = 2.0 Vdc) 
dC = 20 Adc, VcE = 2.0 Vdc) 
dC = 30 Adc, VcE = 4.0 Vdc) 

All Types 
2N5745 

2N4398, 2N4399 
2N5745 

2N4398, 2N4399 

hpE 

40 

15 

15 

5.0 

5.0 

60 

60 


Collector-Emitter Saturation Voltage (1) 

VCE(sat) 



Vdc 

dC = 10 Adc, Ig = 1.0 Adc) 

2N4398, 2N4399 


— 

0.75 



2N5745 


— 

1.0 


dC = 15 Adc, Ig = 1.5 Adc) 

2N4398, 2N4399 


— 

1.0 



2N5745 


— 

1.5 


dC = 20 Adc, Ig = 2.0 Adc) 

2N4398, 2N4399 


— 

2.0 


dC = 20 Adc, Ig = 4.0 Adc) 

2N5745 


— 

2.0 


dC = 30 Adc, Ig = 6.0 Adc) 

2N4398, 2N4399 


— 

4.0 


Base Emitter Saturation Voltage (1) 


VBE(sat) 



Vdc 

dC = 10 Adc, Ig = 1.0 Adc)“ 

2N4398, 2N4399 




1.6 



2N5745 


— 

1.7 


dC = 15 Adc, Ig = 1.5 Adc) 

2N4398, 2N4399 


— 

1.85 



2N5745 


— 

2.0 


dC = 20 Adc, Ig = 2.0 Adc)“ 

2N4398, 2N4399 



2.5 


dC = 20 Adc, Ig = 4.0 Adc) 

2N5745 



2.5 


Base-Emitter On Voltage (1) 


VBE(on) 



Vdc 

, dC = 10 Adc, VcE = 2.0 Vdc) 

2N5745 


— 

1.5 


dC = 15 Adc, VcE = 2.0 Vdc) 

2N4398, 2N4399 


— 

1.7 


dC = 20 Adc, VcE = 4.0 Vdc) 

2N5745 


— 

2.5 


dC = 30 Adc, VcE = 4.0 Vdc) 

2N4398, 2N4399 


— 

3.0 



DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product (2) 
dC = 1.0 Adc, VcE = 10 Vdc, 2N4398, 2N4399 

f = 1.0 MHz) 2N5745 

Tt 

4.0 

2.0 

- 

MHz 

Small-Signal Current Gain 
dC = 1.0 Adc, VcE = 10 Vdc, f = 1.0 kHz) 

hfe 

40 

- 

— 


SWITCHING CHARACTERISTICS 


Rise Time 

2N4398, 2N4399 
2N5745 

m 2N4398, 2N4399 

C = 10Adc, 2N5745 

■BI = IB2 = 1.0 Adc) 

2N4398, 2N4399 
2N5745 

tr 

_ 

0.4 

1.0 

ju.s 

Storage Time 

ts 

_ 

1.5 

2.0 

MS 

Fall Time 

1 

tf 

— 

0.6 

1.0 

MS 


‘Indicates JEDEC Registered Data. 

“Motorola Guarantees this Data in Addition to JEDEC Registered Data. 

(1) Pulse Test: Pulse Width « 300 ^s. Duty Cycle « 2.0%. 

(2) fj is defined as the frequency at which |hfel extrapolates to unity. 


3 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 2 - TURN-ON TIME FIGURE 3 - TURN-OFF TIME 


-F2.0V I 
0 




' -ll.OV 


20 ns I I 

■^l 1^ 10 to 100 /xs 

DUTY CYCLE- 2.0% 



-^i 1^10 to 100 /xs Vbb <!> -i-A.OV ^ 

DUTY CYCLE -- 2.0% 
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VOLTAGE (VOLTS) Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE, DC CURRENT GAIN (NORMALIZED) 


2N4398, 2N4399, 2I\I5745 


TYPICAL "OIM" REGION CHARACTERISTICS 



0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 ’ 1.0 2.0 3.0 5.0 7.0 10 20 30 

Ic. COLLECTOR CURRENT (AMP) 

FIGURE 5 - COLLECTOR SATURATION REGION 



0.01 0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

Ib, BASE CURRENT (AMP) 




T , . .i I I HI-, I i i i — i — i i i i i i in i , i, i J t i i li.i , *■■■■■, i .,., a i ,.i i i i t i i a i — i i i n ■ i i 

0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 

Ic, COLLECTOR CURRENT (AMP) Ic, COLLECTOR CURRENT (AMP) 
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r(t). NORMALIZED EFFECTIVE TRANSIENT THERMAL RESISTANCE IC, COLLECTOR CURRENT (AMP) 


2N4398, 2N4399, 2N5745 


RATINGS AND THERMAL DATA 

FIGURE 8 - ACTIVE REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 10 20 30 50 100 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate lc~VcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 8 is based onTj(pk) = 200°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk)^200°C. T j(pk) may be 
calculated from the data in Figure 9.'. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 9 - THERMAL RESPONSE 



0.01 0.02 0.05 0,1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1000 

t, TIME OR PULSE WIDTH (ms) 


DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 


— tp — 



Pp 


Pp 


DUTY CYCLE D hi - 
tp 

PEAK PULSE POWER Pp 


A train of periodical power pulses can be represented by the 
model as shown in Figure A. Using the model and the device 
thermal reponse, the normalized effective transient thermal 
resistance of Figure 9 was calculated for various duty cycles. 

To find 0jc(t), multiply the valueobtained from FigureSby the 
steady state value 0jc(°®)- 

Example: 

The 2N4398 is dissipating ICX) watts under the following 
conditions: ti = 1.0 ms, tp = 5.0 ms. (D = 0.2) 

Using Figure 9, at a pulse width of 1 .0 ms and D = 0.2, the reading 
of r (t) is 0.28. 

The peak rise in junction temperature is therefore 
A T = r(t) X Pp X 0jc(<«) = 0.28 X 100 X 0.875 = 24.5°C 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


2N4898 

thru 

2N4900 


MEDIUM-POWER PNP SILICON TRANSISTORS 

. . . designed for driver circuits, switching, and amplifier applications. 
These high-performance devices feature: 

• Low Saturation Voltage - VcE(sat) 0-6 V max @ Ic = 1 .0 Amp 

• Excellent Safe Operating Area 

• Gain Specified to Ic = 1-0 Ampere 

• 2N4900 Complementary to NPN 2N4912 


4 AMPERE 

GENERAL PURPOSE 
POWER TRANSISTORS 

40-80 VOLTS 
25 WATTS 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous* 


Total Device Dissipation Tc 
Derate above 250C 


= 25OC 


Operating & Storage Junction 
Temperature Range 


Symbol 


VCEO 


VCB 


veb 


Pd 


Tj, Tjtg 


2N4898 2N4899 2N4900 


60 


80 


-5.0- 


- 1.0 - 
-4.0- 


— 25 — 
-0.143- 


Watts 

W/°C 


OC 




K 


lr= 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Reistance, Junction to Case 

® JC 

7.0 

OC/W 


-u- 

- B - 


SEATING PLANE 


STYLET; 

PIN 1.BASE 
2. EMITTER 
CASE; COLLECTOR 


*The 1 .0 Amp maximum Ic value is based upon JEDEC current gain requirements. 

The 4.0 Amp maximum value is based upon actual current-handling capability of the device 
(see Figure 5). 
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All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-213AA 







2N4898 thru 2N4g00 


ELECTRICAL CHARACTERISTICS (Tc = 25 *C unless otherwise noted) 


Characteristic 


Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage* 


VCE0(8U8)* 



Vdc 

(I = 0. 1 Adc, I = 0) 

2N4898 



40 

- 



2N4899 



60 

- 



2N4900 



80 

- 


Collector Cutoff Current 



^CEO 



mAdc 

= 20 Vdc, Ig = 0) 

2N4898 



0. 5 


(Vpj, = 30 Vdc, Ig = 0) 

2N4899 




0. 5 


= 40 Vdc, Ig = 0) 

2N4900 



- 

0. 5 


Collector Cutoff Current 



^CEX 



mAdc 

(VcE= Rated VcEo. = 1. 5 Vdc) 


- 

0. 1 


(VcE ~ Rated 1. 

5 Vdc, = 150°C) 



- 

1.0 


Collector Cutoff Current 



^CBO 



mAdc 

(VcB = Rated v^,^, - 0) 



- 

0. 1 


Emitter Cutoff Current 



I 



mAdc 

(Vgg =5.0Vdc, =0) 



EBO 

- 

1.0 



ON CHARACTERISTICS 


DC Current Gain* 

(I^ = 50 mAdc, V^g =1.0 Vdc) 

(I^ = 500 mAdc, V^g =1.0 Vdc) 

(I = 1.0 Adc, V^^ = 1.0 Vdc) 

C CE 

— 

^FE* 

40 

20 

■ 

10 

100 


Collector-Emitter Saturation Voltage* 

(I^ = 1.0 Adc, Ig = 0.1 Adc) 

j 

V * 

CE(sat) 

1 

- 

0.6 

Vdc 

Base-Emitter Saturation Voltage* 

(I^ = 1.0 Adc, Ig = 0.1 Adc) 


V * 

BE(sat) 

- 

1. 3 

Vdc 

Base -Emitter On Voltage* 

(I^ = 1.0Adc, V^g=1.0Vdc) 


V * 

BE(on) 

- 

1.3 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Cur rent -Gain— Bandwidth Product 
(I^ - 250 mAdc, V^g = 10 Vdc, f = 1. 0 MHz) 

— 


3.0 

- 

MHz 

Output Capacitance 
(V^g = 10 Vdc, Ig = 0, f = 100 kHz) 


O 

o 

O' 

- 

100 

pF 

Small-Signal Current Gain 
(I^ = 250 mAdc, V^g = 10 Vdc, f = 1. 0 kHz) 


h 

fe 

25 

- 

“ 


10, UNLESS NOTED 


Kn 

:k2 


mz rn IM— — 


iiiiiiil 


50 70 100 200 300 500 700 1000 

Ic, COl LECTOR CURRENT (mA) 


















2N4898 thru 2N4g00 


FIGURE 4 - THERMAL RESPONSE 
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D CURVES APPLY FOR POWER 


Tj(pk) -Tc = P(pki ^jc(t) 


0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 

t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 




: Tj = 200°c 

» SECONDARY BREAKDO WN LIMITATION 
^THERMAL LIMITATION | | j [ 
-(BASE-EMITTER DISSIPATION IS 

- SIGNIFICANT ABOVE Ic = 2.0 AMP) - 

- PULSE DUTY CYCLE < 10% M — — 


) 2.0 3.0 5.0 7.0 10 20 30 ' V 50 70 100 

VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The safe operating area curves indicate Ic— V ce 
limits of the transistor which must be observed for 
reliable operation. Collector load lines for specific 
circuits must fall below the limits indicated by the 
applicable curve. 

The data of Figure 5 is based upon Tjjpi,) = 
200®C; Tc is variable depending upon conditions. 
Pulse curves are valid for duty cycles to 10% pro- 
vided Tj(pi,) -S 200'’C. Tj(pi,) may be calculated 
from the data in Figure 4 . At high case tempera- 
tures, thermal limitations will reduce the power 
which can be handled to values less than the limita- 
tions imposed by secondary breakdown. 


FIGURE 6 - STORAGE TIME 


FIGURE 7 - FALL TIME 








IHKil 



].q I-Ic/Ib=10 



20 30 50 70 100 200 300 500 700 1000 

Ic. COLLECTOR CURRENT (mA) 


50 70 100 200 

Ic, COLLECTOR CURRENT (mA) 
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2N4912 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

[ Characteristic j Symboi 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) Vqeo(sus) 

(IC = 0.1 Adc, Ir =0) 


Collector Cutoff Current 
(VcE * 40 Vdc, Ib = 0) 


Collector Cutoff Current 

(VcE = Rated VceO« VEB(off) = 1 -5 Vdc) 

(VcE = Rated Vceo^ VEB(off) = l-S Vdc. Tq =* ^B0°C) 


Collector Cutoff Current 

IVcB == Rated V^b- Ie ~ 0) 
Emitter Cutoff Current 
(Veb = 5.0 Vdc, Ic = 0) 


ON CHARACTERISTICS (1) 

DC Current Gain 

dc = 50 mAdc, VcE = 10 Vdc) 
dC = 500 mAdc, Vqe = 1 0 Vdc) 
dc = 1.0 Adc, VcE = 10 Vdc) 


Collector-Emitter Saturation Voltage 

dc = 1.0 Adc, Ib =0.1 Adc) 

Base-Emitter Saturation Voltage 
dc = 1 .0 Adc, Ib = 0.1 Adc) 

Base-Emitter On Voltage 

dc = 1.0 Adc, VcE - 1-0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 

dc = 250 mAdc, VcE = 10 Vdc, f = 1.0 MHz) 


Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 


Small-Signal Current Gain 

dc = 250 mAdc, VcE = 10 Vdc. f = 1 .0 kHz) 




















r(t), TRANSIENT THERMAL RESISTANCE, NORMALIZED 


2N4912 








MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N4918 

thru 

2N4920 


MEDIUM-POWER PLASTIC PNP SILICON TRANSISTORS 

. . . designed for driver circuits, switching, and amplifier applications. 
These high-performance plastic devices feature: 

• Low Saturation Voltage - VcE(sat) = 0-6 Vdc (Max) @ Iq = 10 
Amp 

• Excellent Power Dissipation Due to Thermopad Construction — 

PD = 30|@Tc = 25OC 

• Excellent Safe Operating Area 

• Gain Specified to Ic = 1 .0 Amp 

• Complement to NPN 2N4921, 2N4922, 2N4923 


^MAXIMUM RATINGS 


Ratings 

Symbol 

2N4918 

2N4919 

2N4920 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

VCB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

5.0- ^ 

Vdc 

Collector Current — Continuous (T) 

•c* 

1.0 ^ 

3.0 

Adc 

Base Current 

'b 

to- ► 

Adc 

Total Power Dissipation (a Tq = 25°C 
Derate above 25°C 

Pd 

30 

0.24 

Watts 

W/°C 

Operating & Storage Junction 
Temperature Range 

Tj' Tstg 

— -65 to +150 

OC 


THERMAL CHARACTERISTICS (2) 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

^JC 

4.16 

°C/W 


•Indicates JEDEC Registered Data for 2N4918 Series 

(1) The 1.0 Amp maximum Iq value is based upon JEDEC current gain requirements. 
The 3.0 Amp maximum value is based upon actual current-handling capability of the 
device (See Figure 5). 

(2) Recommend use of thermal compound for lowest thermal resistance. 



3 AMPERE 
GENERAL-PURPOSE 
POWER TRANSISTORS 

40-80 VOLTS 
30 WATTS 




STYLE 1: 

PINT EMITTER 

2. COLLECTOR 

3. BASE 


NOTES: 

1. LEADS, TRUE POSITIONED WITHIN 0.25mm (0.010) 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MLLIM 

ETERS 

INC 

RES 

m 

MAX 

Mm 

MAX 

A 

10.80 

11.04 

0.426 

0,435 

B 

7.50 

7,74 

0.295 

0.305 

c 

2.42 

2,66 

0.095 

0,105 

D 

0.51 

0,66 

0,020 

0.026 

"f 

2.93 

3.17 

0,115 

0.125 

G 

2.32 

^46 

0,091 

0,097 

H 

1.27 

2.41 

0.050 

0,095 

1 1 

0.39 

0.63 

0.015 

0.025 

K 

14.61 

16,63 

0.575 

0.655 

M' 

3’’1 

lYP 

3°1 

rvp 

0 

3.76 

4.01 

0.146 

0.156 

R 

1.15 

1.39 

0.045 

0.055 

S 

0.64 

0.88 

0.025 

0.035 

u 

3.69 

3.93 

0,146 

0.155 

V 

1.02 

— 

0.040 

— 


CASE 77-05 
TO-225AA 
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2N4918thru 2N4920 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 


Symbol I Min I Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(IC = 0.1 Adc, Ib = 0) 2N4918 

2N4919 

2N4920 


VcEOIsus) 

■ 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

{VCE = 20Vdc, Ib = 0) 2N4918 



- 

0.5 


(VcE = 30 Vdc, Ib = 0) 2N4919 



- 

0.5 


(Vce = 40 Vdc. Ib = 0> 2N4920 



- 

0.5 


Collector Cutoff Current 





mAdc 

(VcE = Rated Vceo* ^BEIoff) = I -5 Vdc) 



- 

0.1 


(VcE = Rated Vceo. VBE(off) = 1-5 Vdc,Tc = 1250C) 



- 

0.5 


Collector Cutoff Current 





mAdc 

(VcB = Rated VcbJe = 0) 



- 

0.1 


Emitter Cutoff Current 


•ero 

_ 

1.0 

mAdc 

(VBE = 5.0Vdc, lc = 0) 







ON CHARACTERISTICS 


DC Current Gain (1) 

dc = 50 mAdc, Vqe = 10 Vdc) 
dc = 500 mAdc, Vqe = 1-0 Vdc) 
dc= 1.0 Adc, VcE = 1.0 Vdc) 


^^FE 

40 

30 

10 

150 


Collector-Emitter Saturation Voltage (1) 
dC= 1.0 Adc, Ib = 0.1 Adc) 


VcElsat) 

- 

0.6 

Vdc 

Base-Emitter Saturation Voltage (1) 
dc = 1.0 Adc, Ib = 0.1 Adc) 


VBE(sat) 

- 

1.3 

Vdc 

6ase-Emitter On Voltage (1) 
dc = 1 .0 Adc, VcE = 1 .0 Vdc) 


VBE(on) 

- 

1.3 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

dc = 250 mAdc, Vce = 10 Vdc, f = 1.0MHz) 



3.0 

- 

MHz 

Output Capacitance 

(VcB = 10 Vdc, lE = 0,f=100kHz) 


Cob 

_ 

100 

pF 

Small-Signal Current Gain 

dc = 250 mAdc, Vce = 10 Vdc, f = 1.0kHz) 


hfe 

25 

- 



^Indicates JEDEC Registered Data 
( 1 ) Pulse Test: PW 300 fxs. Duty Cycle « 2.0% 


FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 


TURN-ON PULSE 


VCC O- 


VBE(off)— I 

APPROX I |r I 


APPROX 9.0 V 




-^SA/V- 

Rc 


Rb 

Cjd << Cel) , 


l>- 

K SCOPE 




1 1/ 1 

t1 < 15 ns 

1 /I 

100 < t2< 500 ms 

APPROX \ / 1 

t 3 < 15 ns 

-nv 

DUTY CYCLE « 2.0% 

TURN-OFF PULSE 



0 

+4.0 V 


Rb and Rq 
varied to 
obtain desired 
current levels 


FIGURE 3 - TURN-ON TIME 



3 
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r{t), TRANSIENT THERMAL RESISTANCE, 

STORAGE TIME (/is) IC, COLLECTOR CURRENT (AMP) NORMALIZED 


2N4gi8 thru 2N4g20 



20 30 50 70 100 


200 300 500 7001000 


200 300 500 7001000 


IC, COLLECTOR CURRENT (mA) 


IC, COLLECTOR CURRENT (mA) 




0 + 0.1 + 0.2 + 0.3 


2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 2000 


Vbe, base-emitter voltage (VOLTS) 


In, COLLECTOR CURRENT (mA) 








MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 



MEDIUM-POWER PLASTIC NPN SILICON 
TRANSISTORS I 

. . . designed for driver circuits, switching, and amplifier applications. 
These high-performance plastic devices feature: 

• Low Saturation Voltage — VcE(sat)= 0.6 Vdc (Max) @ Ic ~ 10 Amp 

• Excellent Power Dissipation Due to Thermopad 

Construction - Pq = 30 W @ Tq = 25®C 

• Excellent Safe Operating Area 

• Gain Specified to Iq = 1 .0 Amp 

• Complement to PNP 2N491 8, 2N4919, 2N4920 


♦MAXIMUM RATINGS 


Rating 

Symbol 

2I\I4921 

2N4922 

2N4923 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

VCB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

veb 

5.0 

Vdc 

Collector Current Continuous ( 1 ) 

'c 

b b 

Adc 

Base Current - Continuous 

'b 

1.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

Pd 

30 

0.24 

Watts 

W/°C 

Operating & Storage Junction 

Temperature Range 

^J- ^stg 

— -65 to +150 — — - 

°C 


THERMAL CHARACTERISTICS (2) 


Characteristic 

Symbol 


Unit 

Thermal Resistance, Junction to Case 

<^JC 

4.16 

°C/W 


( 1 ) The 1 .0 Amp maximum I q value is based upon JEDEC current gain requirements. 

The 3.0 Arrip maxihnum value is based upon actual current -handling capability of the device 
(see F igures 5 and 6) . 

(2) Recommend use of thermal compound for lowest thermal resistance. 

* Indicates JEDEC Registered Data- 


FIGURE 1 - POWER DERATING 



2N4921 

thru 

2N4923 


3 AMPERE 
GENERAL-PURPOSE 
POWER TRANSISTORS 

40-80 VOLTS 
30 WATTS 




NOTES: 

1. LEADS, TRUE POSITIONED WITHIN 0.25mm (0.010) 
DIA TO DIM A & 8 AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MILUM 

ETERS 

INC 

RES 

MIN 

1MX 

MIN 

MAX 

A 

10.80 

11.04 

0.425 

0.435 

B 

7.50 

7.74 

0.295 

0.305 

C 

2.42 

2.66 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.93 

3.17 

0,115 

0.125 

G 

2.32 

2.46 

0.091 

0.097 

H 

1.27 

2,41 

0.050 

0.095 

J 

0.39 

0.63 

0.015 

0.025 

K 


16.63 

0.575 

0,655 

M 

3“1 

rvp 

3°1 

rvp 

Q 

3.76 

4.01 

0,148 

0.158 

R 

1.15 

1.39 

0.045 

o.oss 

S 

0.64 

0.88 

0.025 

0.035 

U 

3.69 

3.93 

0.145 

0.155 

V 

1.02 


0.040 

— 


CASE 77-05 
TO-225AA 
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2N4921 thru 2N4923 


♦ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
dc = 0.1 Adc, Ib = 0) 

2N4921 

2N4922 

2N4923 

VcEO(sus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

(VcE = 20 Vdc, Ib = 0) 

2N4921 


- 

0.5 


(VcE = 30 Vdc, Ib = 0) 

2N4922 


- 

0.5 


(VcE “ 40 Vdc, Jb = 0) 

2N4923 


- 

0.5 


Collector Cutoff Current 


•CEX 




(VcE = Rated VcEO- VEB(off) = LB Vdc) 



- 



(VcE = Rated VcEO« VEB(off) = 1-5 Vdc, Tc = 1250C) | 


- 



Collector Cutoff Current 


•CBO 




(VcB = Rated VcB/ •£ “ 0) 



- 

0.1 


Emitter Cutoff Current 


•ebo 



mAdc 

(Veb = 5.0 Vdc, Ic = 0) 



- 

1.0 



ON CHARACTERISTICS 


DC Current Gain (1) 

^FE 




dc = 50 mAdc, VcE = 1 0 Vdc) 


40 

- 


dc = 500 mAdc, Vce = 1 0 Vdc) 


30 

150 


dc =1.0 Adc, Vce = 10 Vdc) 


10 

- 


Collector-Emitter Saturation Voltage (1) 

VcE(sat) 



Vdc 

dc = 1.0 Adc, Ib = 0.1 Adc) 


“ 

0.6 


Base-Emitter Saturation Voltage (1) 

VBE(sat) 



Vdc 

dc = 1.0 Adc, Ib = 0.1 Adc) 


- 

1.3 


Base-Emitter On Voltage (1) 

VBE(on) 



Vdc 

dc = 1.0 Adc, Vce = LO Vdc) 


- 

1.3 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

dc = 250 mAdc, Vce = 10 Vdc, f = 1.0 MHz) 

^T 

3.0 

_ 

MHz 

Output Capacitance 

(VcB ^ 10 Vdc, Ie = 0, f = 100 kHz) 

^ob 

_ 

100 

pF 

Small-Signal Current Gain 

dc = 250 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 

hfe 

25 

- 

- 


(1) Pulse Test: PWs; 300 MS, Duty Cycle 2.0%. 
* Indicates JEDEC Registered Data 


FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 - TURN-ON TIME 
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r(t), TRANSIENT THERMAL 

V, STORAGE TIME (/iS) IC, COLLECTOR CURRENT (Amp) RESISTANCE (NORMALIZED) 


2N4921 thru 2N4923 



i-'Ji I 1 1 — 1— J 1 — I t 1. 1 , 1 J 1 — i — 1 1 — t-i -i 11 1 1 1 — I I I 1 i 1 I L__i — I — I 1 — I — I, i. I I L-J I I I I I I I 

0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 

t, TIME (ms) 


FIGURE 5 - ACTIVE - REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of 
a transistor: average junction temperature and second break- 
down. Safe operating area curves indicate Iq - Vqe operation 
i.e., the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The data of Figure 5 is based on Tj(pk) = 150°C; 
Tc is variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
Tj(pk)^ 150°C. At high case temperatures, thermal limita- 
tions will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown. 


FIGURES - STORAGE TIME 


FIGURE? - FALL TIME 



Ic, COLLECTOR CURRENT (mA) 


Ic, COLLECTOR CURRENT (mA) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N5038 

2N5039 



NPN SILICON TRANSISTORS 

. . . fast switching speeds and high current capacity ideally suit these 
parts for use In switching regulators, inverters, wide-hand amplifiers 
and power oscillators in industrial and commercial applications. 

• High Speed - tf = 0.5 ms (Max) 

• High Current - lc(max) = 30 Amps 

• Low Saturation — VQE(sat) = 2.5 V (Max) @ Ic = 20 Amps 



^MAXIMUM RATINGS 


Rating 


Collector^Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak (1 ) 


Base Current Continuous 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


^Indicates JEDEC Registered Data. 

(1 ) Pulse Test: Pulse Width < 10 ms. Duty Cycle < 50%. 


20 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

75 and 90 VOLTS 
140 WATTS 







FIGURE 1 - SWITCHING TIME TEST CIRCUIT 


:'Fb 



2N5038 
12 Amps 
•b 2 =1-2 Amps 


PW = 20 MS 
Duty Cycle = 1% 


Ic = 10 Amps 

Iri = Ir 9 = 1-0 Amps 


STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 



MILUMETERS 

INCHES 

DIM 

MIN MAX 

MIN 

MAX 

A 

39.37 


1.550 

B 

21.08 

_ 

0.830 

C 

6.35 7.62 

0.250 

0.300 

D 

0.97 1.09 

0.038 

0.043 

E 

1.40 1.78 

0.055 

0.070 

F 

30.15 BSC 

1:187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 

BSC 

K 

11.18 12.19 

0.440 

0.480 

Q 

3.81 4.19 

0.151 

0.165 

R 

26.67 

_ 

1.050 

U 

2.54 3.05 

0.100 

0.120 

V 

3.81 4.19 

0.151 

0.165 


NOTES: 

1. ALL RULES ANO NOTES ASSOCIATEO WITH 
REFERENCED TO-3 OUTLINE SHALL APPLY. 

CASE 1-04 
TO-204AA 


[•lij 










































Ic, COLLECTOR CURRENT (AMPS) 


2N5038, 2N5039 


^ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted). 


Characteristic 


Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1 ) 


VcEO{sus) 



Vdc 

dc = 200 mAdc, Ig = 0) 

2N5038 


90 

- 



2N5039 


75 

- 


Collector Cutoff Current 


•CEX 



mAdc 

(Vce = 140 Vdc,VBE{off) = 1-5V) 

2N5038 


- 

50 


(VcE = 110Vdc,VBE(off) = 1-5V) 

2N5039 


- 

50 


WcE = 100 Vdc, VBE(off) = 1 -5 Vdc, Tq = 150°C) 

2N5038 


- 

10 


( VcE = 85 Vdc, VBE(off) = 1 -5 Vdc, Tq = 1 50°C) 

2N5039 


- 

10 


Emitter Cutoff Current 


•ebo 



mAdc 

(Veb = 5 Vdc, Ic =0) 

2N5038 


- 

5 



2N5039 


— 

15 


(Veb = 7 Vdc, Ic =0) 

Both 


- 

50 



ON CHARACTERISTICS (1) 


DC Current Gain 

dc = 12 Adc, VcE = 5 Vdc) 
dc = 10 Adc, VcE “ 5 Vdc) 

2N5038 

2N5039 

hpE 

20 

20 

100 

100 


Collector-Emitter Saturation Voltage 
dc = 20 Adc, Ib = 5 Adc) 


VcE(sat) 

- 

2.5 

Vdc 

Base-Emitter Saturation Voltage 
dc = 20 Adc, Ib = 5 Adc) 


VBE(sat) 


3.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Magnitude of Common-Emitter Small-Signal Short-Circuit 

Ihfe! 

12 

- 

- 

Forward Current Transfer Ratio 





dc = 2 Adc. VcE = 10 Vdc, f = 5 MHz) 






SWITCHING CHARACTERISTICS 


RESISTIVE LOAD | 

Rise Time 

(Vcc = 30 Vdc) 

dc = 12 Adc, Ibi = Ib 2 = 1-2 Adc) 2N5038 
dc = 10 Adc, Ibi = Ib 2 = 1 Adc) 2N5039 

tr 

- 

0.5 

MS 

Storage Time 

ts 

- 

1.5 

MS 

Fall Time 

tf 

- 

0.5 

MS 


*lndicates JEDEC Registered Data. 


(1 ) Pulse Test: Pulse Width < 300 jus. Duty Cycle < 2%. 


FIGURE 2 - FORWARD BIAS SAFE OPERATING AREA 



There are two limitations on the power handling ability of 
a transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate 1 q - limits of the transis- 
tor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves 
indicate. 

Second breakdown pulse limits are valid for duty cycles to 
10%. At high case temperatures, thermal limitations may reduce 
the power that can be handled to values less than the limitations 
imposed by second breakdown. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


... for use in power amplifier and switching circuits, — excellent safe 
area limits. Complement to PNP 2N5193, 2N5194, 2N5195 









VOLTAGE (VOLTS) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE, DC CURRENT GAIN (NORMALIZED) 


2N5190thru 2N5192 



0.004 0.007 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 4.0 


IC, COLLECTOR CURRENT (AMP) 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 

IB, BASE CURRENT (mA) 



0.005 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.04.0 

IC. COLLECTOR CURRENT (AMP) 



0.005 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 4.0 

IC, COLLECTOR CURRENT (AMP) 
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COLLECTOR CURRENT 


2N5190 thru 2N5192 


FIGURE 5 - COLLECTOR CUT-OFF REGION 

:::: , ,| \ ^ p/, =^:" :: - 



- 0.4 - 0.3 - 0.2 - 0.1 0 + 0.1 + 0.2 + 0.3 + 0.4 + 0.5 + 0.6 


Vbe. base-emitter voltage (VOLTS) 




t,TIME{/is) CAPACITANCE (pF) RBE. EXTERNAL BASE-EMITTER RESISTANCE (OHMS) 


FIGURE 6 - EFFECTS OF BASE-EMITTER RESISTANCE 
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2N5190 thru 2N5192 


FIGURE 11 RATING AND THERMAL DATA 
ACTIVE-REGION SAFE OPERATING AREA 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate 1^ - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 11 is based on Tj(p|() = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tjip^) < 150°C. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by second 
breakdown. 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 50 100 200 500 1000 


3 


DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 


FIGURE A 


DUTY CYCLE D = trf = r 

*P 

PEAK PULSE POWER = Pn 


A train of periodical power pulses can be represented by the model 
shown in Figure A. Using the model and the device thermal re- 
sponse, the normalized effective transient thermal resistance of 
Figure 12 was calculated for various duty cycles. 

To find 0jc(t), multiply the value obtained from Figure 12 by 
the steady state value 0jc. 

Example: 

The 2N5190 is dissipating 50 watts under the following condi- 
tions: ti = 0.1 ms, tp = 0.5 ms. (D = 0.2). 

Using Figure 12, at a pulse width of 0.1 ms and D = 0.2, the 
reading of r (ti , D) is 0.27. 

The peak rise in junction temperature is therefore: 

aT = r(t) X Pp X 0JC = 0.27 X 50 X 3.12 = 42.2°C 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N5193 

thru 

2N5195 


SILICON PNP POWER TRANSISTORS 

. . . for use in power amplifier and switching circuits, — excellent safe 
area limits. Complement to NPN 2N5190, 2N5191, 2N5192 


♦MAXIMUM RATINGS 

Rating 

Collector-Eiriitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage’ 

Collector Current 
Base Current 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 
Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 


Symbol 2N5193 2N5194 2N5195 

VcEO 40 ' 60 80 

~V^B~~40 "60 80 

VeB --5:0 » 

IC ^ 4.0 

Ib ^ — 1.0 . 

Pd 40 ► 

320 

Tj.Tstq 65 to -*-150 ► 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 


3.12 

°c/w 


* ELECTRICAL CHARACTERISTICS (Tg = 25°C unless otherwise noted) 


Symbol | Miri | Ma) 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(Ig = 0.1 Adc, Ib = 0) 2N5193 

2N5194 

2N5195 

VcEO(sus) 

40 

60 

80 


Vdc 

Collector Cutoff Current 


'CEO 


mAdc 

(VCE = 40 Vdc, Ib = 0) 

2N5193 


1.0 


(VcE =60 Vdc, Ib = 0) 

2N5194 


1.0 


(VcE = 80 Vdc, Ib = 0) 

2N5195 

' ■ 

1.0 


Collector Cutoff Current 


'CEX 


mAdc 

(VcE = 40 Vdc, VBE(off) = 

1.5 Vdc) 2N5193 


0.1 


(VcE =60 Vdc, V be (off) = 

1.5Vdc) 2N5194 

- - 

0.1 


(Vce= 80 VdC, VBE(off) = 

1.5Vdc) 2N5195 

- 

01 


(VcE =40Vdc, VBE(off) = 

1.5Vdc, 2N5193 

- 

2 0 


Tg = 125°C) 





(Vqe = 60 Vdc, VBE(off) = 

1.5 Vdc, 2N5194 


2.0 


Tc = 125°CI 





(VcE=80Vdc, VBE(off) = 

1.5 Vdc, 2N5195 

. ■ 

20 


Tg = 125°C) 





Collector Cutoff Current 


'CBO 


mAdc 

(VcB = 40 Vdc, Ie = 0) 

2N5193 


0.1 


(Vcb = 60 Vdc, Ie = 0) 

2N5194 

- 

0.1 


(VcB = 80 Vdc, Ie = 0) 

2N5195 

- 

0 1 


Emitter Cutoff Current 


'ebo 


mAdc 

(Vbe = 5.0 Vdc, Ig = 0) 



10 



ON CHARACTERISTICS 


DC Current Gain (1) 

(Ig * 1.5 Adc, VcE = 2.0 Vdc) 2N5193 

2N5194 

2N5195 

(Ig -4.0Adc, VgE = 2.0 Vdc) 2N5193 

2N5194 

2NS195 

hpE 

25 

25 

20 

10 

10 

7.0 

100 

100 

80 


Collector-Emitter Saturation Voltage (1) 

VCE($at) 



Vdc 

(Ig- 1.5 Adc, Ib- 0.15 Adc) 


- 

0.6 


(lg-4.0Adc, le-I.OAdc) 


- 

1.4 


Base-Emitter On Voltage (1) 

VBE(on) 



Vdc 

(Ig- 1.5A4c,ygE-2.0Vdc) 


- 

1.2 



DYNAMIC CHARACTERISTICS . 

Curr»nt>Gain-B«ndwidth Product 

dC “ 1 .0 Adc, VcE- - 10 Vdc, f - 1 0 MH*) 

■IrtdicatM JEDEC RaBinorod Data 

(1) Pulta Tatt; Pulaa WidthS 300 m*. Duty Cycla^2.0H. 


4 AMPERE 

POWER TRANSISTORS 
SILICON PNP 

40-80 VOLTS 



iSTT---' 

r] 


*Muo JU. 

T f STYLE 1: 

P 1. — j C emitter 

f~}~T 2. . COLLECTOI 

f 3, BASE 


.NOTES: 

1. LEADS, TRUE POSITIONED WITHIN 0.25mm (0.010) 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION. 

MIUIMEtERS INCHES ~ 

DIM MIW I MAX Mm I MAX " 

A ' 10.80 I 11.04 0.425 I 0.4^ 


0.39 I 0.63^ 0.015 | 0.025 1 
14.61 I 16.63 0.575 I 0.65ri 


1.15 1.39 0.045 0.055 

0.64 0.88 0.025 0.03S 

3.69 3.93 0.145 0.155 


CASE 77-05 
TO-225AA 
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VOLTAGE (VOLTS) VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE. DC CURRENT GAIN (NORMALIZED) 


2N5193thru 2N5195 


FIGURE 1 - DC CURRENT GAIN 




0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30' 50 70 100 200 300 500 

IB, BASE CURRENT (mA) 


3 



0.005 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 4.0 


IC, COLLECTOR CURRENT (AMP) 



0.005 0.01 0.020.03 0.05 0.1 0.2 0.3 0.5 1-0 2.0 3.04.0 

IC, COLLECTOR CURRENT (AMP) 
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t. TIME (ms) IQ, COLLECTOR CURRENT ^mA) 


2N5193 thru 2N5195 


FIGURE 5 - COLLECTOR CUT-OFF REGION 


FIGURE 6 - EFFECTS OF BASE-EMITTER RESISTANCE 



IC, COLLECTOR CURRENT (AMP) 


0.2 0.3 0.5 0.7 1.0 

IC. COLLECTOR CURRENT (AMP) 






2N5193 thru 2N5195 


FIGURE 11 

RATING AND THERMAL DATA 
ACTIVE-REGION SAFE OPERATING AREA 



Note 1 ; 

There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 11 is based on T j(pk) * 150°C. Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) < 150°C. At high-case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 


FIGURE 12 - THERMAL RESPONSE 



DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 


FIGURE A 



L J 

i 


‘P 

Pp 





Pp 

J 

} 1 


I ' 

f- -1/f ti 

DUTY CYCLE D = tvf“T^ 
‘P 

PEAK PULSE POWER «Pp 


A train of periodical power pulses can be represented by the model 
shown in Figure A. Using the model and the device thermal re- 
sponse, the normalized effective transient thermal resistance of 
Figure 12 was calculated for various duty cycles. 

To find multiply the value obtained from Figure 12 by 

die steady state value 0 jq- 

Example; 

The 2N5193 is dissipating 50 watts under the following condi- 
tions: ti = 0.1 ms, tp = 0.5 ms. (D = 0.2). 

Using Figure 12, at a pulse width of 0.1 ms and D = 0.2, the 
reading of r{ti, D) is 0.27. 

The peak rise in junction temperature is therefore: 

aT = r(t) X Pp X 0JC = 0.27 X 50 X 3.12 = 42.20C 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N5301 

2N5302 

2N5303 


HIGH-POWER NPN SILICON TRANSISTORS 

. . . for use in power amplifier and switching circuits applications. 

• High Co I lector- Emitter Sustaining Voltage — 

VCEO(sus) = 80 Vdc (Min) @ Ic = 200 mAdc (2N5303) 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 0.75 Vdc (Max) @ lc= 10 Adc (2N5301, 2N5302) 
1.0 Vdc (Max) @ Ic = 10 Adc (2N5303) 

• Excellent Safe Operating Area — 

200 Watt dc Power Rating to 30 Vdc (2N5303) 

• Complements to PNP 2N4398, 2N4399 and 2N5745 


*MAXIMUM RATINGS 


Rating 

Symbol 

2N5301 

2N5302 

2N5303 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 



VcB 

40 

60 

80 

Vdc 

Collector Current — Continuous 

•c 

30 

30 

20 

Adc 


Total Device Dissipation @Tq= 25®C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

^JC 

0.875 

OC/W 

Thermal Resistance, Case to Ambient 

®CA 

34 

°C/\N 


’Indicates JE DEC Registered Data. 


20 AND 30 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

40-60-80 VOLTS 
200 WATTS 



} 

A 

rC 

f 

-n.l - ‘JT- 

_ 

yl— D 

SEATING-^ 

LG 

K 

1 

PLANE 



— J 

A'' 



/ 

1 

r Tf 

^ R 

H 

^ — ^ 




STYLE 1; STYLES: 

PIN 1. BASE PIN 1. ANODE 

2. EMITTER 2. CATHODE 

CASE; COLLECTOR 

NOTES; 

1. DIAMETERS Q, V AND SURFACE T ARE DATUMS. 

2. POSITIONAL tolerance FOR HOLE Q: 


3. POSITIONAL TOLERANCE FOR LEAD S: 
|l|lN0.30(0.012)®|T|V®|a®| 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5,1973. 

I I MILLIMETERS I INCHES J 





■■■■aa ipiiMiiiFfi iiiaiiiil 

iMvi — 

I 1 


CASE 11-01 
TO-204AA 
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ELECTRICAL CHARACTERISTICS (Tq = 25^ unless otherwise noted) 


Chsreetsristic | Symbol | Min | Men | Unh | 


*OFF CHARACTERISTICS 


Collector-Emitttr Suttaining Voltaga (Note 1) 


VoEOisus) 



Vdc 

dC ■ 200 mAdc, Ig ■ 0) 

2N5301 


40 

— 


2N6302 


60 

- 



2N5303 


80 

- 


Collector Cutoff Current 


*CE0 



mAdc 

(VcE - 40 Vdc. Ig - 0) 

2N6301 

- 

6.0 


IVcE - 60 Vdc. Ig - 0) 

2N5302 


- 

6.0 


IVcE • 80 Vdc, Ig - 0) 

2NS303 


- 

6.0 


Collector Cutoff Current 


ICEX 



mAdc 

(VcE - 40 Vdc, Veg(off) ■ 1-6 Vdc) 

2N5301 


- 

1.0 


(VcE - 60 Vdc, VEg(off) - 16 Vdc) 

2N5302 


- 

1.0 


IVcE ■ 80 Vdc, Vgg(off) - 1,6 Vdc) 

2N5a03 


- 

1.0 


Collector Cutoff Current 


'CEX 



mAdc 

(VcE • 40 Vdc, VEB(off) “ 1-6 Vdc, Tc - 160®C) 

2N5301 

- 

10 


(VcE • 60 Vdc, VEg(off) - 1-6 Vdc, Tc - ISO^C) 

2N5302 


- 

10 


IVcE - 80 Vdc. VEBloff) 16 Vdc, Tc - 160®C) 

2NS303 


- 

10 


Collector Cutoff Current 


ICBO 



mAdc 

IVcB “ 40 Vdc, Ig • 0) 

2N5301 

- 

1.0 


(VcB - 60 Vdc, Ig - 0) 

2N5302 



1.0 


(VcB - 80 Vdc, Ig - 0) 

2N5303 



1.0 


Emitter Cutoff Current 


*EBO 

- 

6.0 

mAdc 

(Vgg - 5.0 Vdc. Ic - 0) 






ON CHARACTERISTICS 


DC Current Gein (Note 1) 

•dC - 10 Adc, Vcg - 2.0 Vdc) 

ALL TYPES 

hPE 

40 

_ 

■ ~ 

•dC - 10 Adc. Vcg - 2.0 Vdc) 

2NS303 


15 

60 


•dC “ 16 Adc, VcE - 2.0 Vdc) 

2NS301,2N5302 


15 

60 


dc * 20 Adc. Vcg - 4.0 Vdc) 

2N5303 


6.0 



(IC“30Adc. Vcg -4,0 Vdc) 

2NS301,2N5302 


5.0 

- 


‘Collector-Emitter Saturation Voltage (Note 1) 


VcE(iat) 



Vdc 

dc - 10 Adc, Ig - 1.0 Adc) 

2NS301,2N5302 

- 

0.75 


dC-IOAdc. Ig-I.OAdc) 

2NS303 


- 

1.0 


dc - 16 Adc, Ig - 1.5 Adc) 

2N5»)3 


- 

1.6 


(IC-20Adc. lg»2.0Adc) 

2N5301,2N5302 


- 

2.0 


dc - 20 Adc, Ig - 4.0 Adc) 

2N5303 


- 

2.0 


dc - 30 Adc, Ig > 6.0 Adc) 

2N5301,2N5302 


- 

3.0 


•Base-Emitter Saturation Voltage (Note 1) 


VBE(sat) 



Vdc 

dc- lOAdc, Ig- I.OAdc) 

ALL TYPES 

- 

1.7 


dc - 15Adc, Ig - 1.5 Adc) 

2N5301,2N5302 



1.8 


(IC-15Adc, lg-1.5Adc) 

2N5303 


- 

2.0 


dc-20Adc.lg-20Adc) 

2N5301.2N5302 


' - 

2.5 


dc - 20 Adc, Ig 4.0 Adc) 

2N5303 


- 

2.5 


•Base-Emitter On Voltage (Note 1 ) 


VBE(on) 



Vdc 

dc - 10 Adc, Vcg - 2.0 Vdc) 

2N5303 

- 

1.5 


dc - 15 Adc, Vcg - 2.0 Vdc) 

2NS301,2N5302 


- 

1.7 


dc - 20 Adc, Vcg - 4.0 Vdc) 

2N5303 


- 

2.5 


dc- 30 Adc, Vcg -4.0 Vdc) 

2N5301.2N5302 


- 

3.0 



*DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
dc - 1.0 Adc, Vcg - 10 Vdc, f - 1.0 MH») 

It 

2.0 

- 

MHz 

Small-Sigrwl Current Gain 
dc - 1.6 Adc. Vcg - 10 Vdc.f- I.OkHj) 

hfe 

40 

- 

- 


*SWITCHING CHARACTERISTICS 


Rise Time 

(Vcc- 30 Vdc, Ic - 10 Adc. |g^ - igj - I.OAdc) 

tr 

- 

1.0 

F* 

Storage Time 

ts 

- 

2.0 

F* 

Fall Time 

tf 

- 

1.0 

F* 


*lndlcatM JEOEC Ragittarad Data. 

Nota 1 : Pulaa Taat: Pulta Width $ 300 fit, Duty Cycia ^ 2.0%. 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 2 - TURN<ON TIME FIGURE 3 - TURN-OFF TIME 
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2N5301, 2N5302, 2N5303 






: -0.1 0 0.1 O.Z 0.3 0.4 0.5 0.6 

VbE, base-emitter voltage (VOLTS) 


0.03 0.05 0.1 0.3 0.5 1.0 3.0 5.0 

IC, COLLECTOR CURRENT (AMP) 











MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N5336 

thru 

2N5339 



MEDIUM-POWER NPN SILICON TRANSISTORS 

... designed for switching and wide band amplifier applications. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 1-2 Vdc (Max) @ Ic = 5.0 Amp 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact TO-205AD Case for Critical Space-Limited 

Applications 

• Complement to 2N6190 thru 2N6193 


5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 


80-100 VOLTS 
6 WATTS 
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2N5336 thru 2N533g 


ELECTRICAL CHARACTERISTICS (Tq = 25^C, unless otherwise noted) 

I Characteristic | Fig. No. | Symbol \ Min j Max | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage* 
dc = 50 mAdc, Ib = 0) 

2N5336. 2N5337 
2N5338, 2N533g 


VCEO(sus)* 

80 

100 

- 

Vdc 

Collector Cutoff Current 


- 





(Vce = 75 Vdc, Ib = 0) 

2N5336, 2N5337 



- 



(Vce = 90 Vdc, Ib = 0) 

2N5338, 2N5339 



- 



Collector Cutoff Current 


12 

>CEX 



MAdc 

(VcE = 75 Vdc, VEB(off) = 1-5 Vdc) 

2N5336. 2N5337 



- 

10 


(VcE = 90 Vdc, VEB(off) = 1 -5 Vdc) 

2N5338, 2N5339 



- 

10 


(VcE = 75 Vdc, VEB(off) = 1 -5 Vdc. 

2N5336, 2N5337 






Tc= 150°C) 




- 

1.0 

mAdc 

<VcE = 90 Vdc, VEB(off) Vdc, 

2N5338, 2N5339 






Tc=150OC)| 




- 

1.0 


Collector Cutoff Current 


- 1 

•CBO 



MAdc 

(Vcb = 80 Vdc, Ie = 0) 

2N5336, 2N5337 



- 

10 


{VcB = 100 Vdc, Ie = 0) 

2N5338, 2N5339 



- 

10 


Emitter Cutoff Current 


- 

•ebo 



MAdc 

(Vbe = 6.0 Vdc, Ic = 0) 




- 

100 



ON CHARACTERISTICS 


DC Current Gain* 

dc = 500 mAdc, Vqe = 2.0 Vdc) 2N5336, 2N5338 

2N5337, 2N5339 

dc = 2.0 Adc. VcE = 2.0 Vdc) 2N5336. 2N5338 

2N5337. 2N5339 

dc = 5.0 Adc, VcE = 2.0 Vdc) 2N5336, 2N5338 

2N5337. 2N5339 

8 

hpE* 

30 

60 

30 

60 

20 

40 

120 

240 


Collector-Emitter Saturation Voltage* 

9.11,13 

VCE(sat)* 



Vdc 

dc = 2.0 Adc, Ib = 0.2 Adc) 



- 

0.7 


dc = 5.0 Adc, Ib = 0.5 Adc) 



- 

1.2 


Base-Emitter Saturation Voltage* 

11.13 

Vbe (sat)* 



Vdc 

dc = 2.0 Adc, Ib= 0.2 Adc) 



- 

1.2 


dc = 5.0 Adc, Ib = 0.5 Adc) 



- 

1.8 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

dc = 0.5 Adc, VcE = 10 Vdc, f = 10 MHz) 

- 

fT 

30 

_ 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

7 

Cob 

_ 

250 

pF 

Input Capacitance 

(Vbe = 2.0 Vdc. Ic = 0, f = 100 kHz) 

7 

Cib 

_ 

1,000 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 40 Vdc. VEB(off) = 3.0 Vdc, 

2.3 

td 

- 

100 

ns 

Rise Time 

dc = 2.0 Adc, Ibi =0.2 Adc) 


tr 

- 

100 

ns 

Storage Time 

(Vcc = 40 Vdc, Ic = 2.0 Adc, 

2,6 

ts 

- 

2.0 

MS 

Fall Time 

Ibi = •B2 0.2 Adc) 


tf 

- 

200 

ns 


*Pulse Test: Pulse Width < 300 ms. Duty Cycle < 2.0%. 


FIGURE 2 SWITCHING TIME TEST CIRCUIT 
-11.6 V Vcc 
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2N5336 thru 2N5339 


FIGURE 4 - Thermal response 



t, TIME OR PULSE WIDTH (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 
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2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power han- 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate lc~VcE limits of the transistor 
that must be observed for reliable operation; 
i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p|^) = 
200°C; Tc is variable depending on conditions. 
Pulse curves are valid for duty cycles of 10% pro- 
videdTj(pk) ^200°C. Tj(pk) may be calculated 
from the data in Figure 4, At high case tem- 
peratures, thermal limitations will reduce the 
power that can be handled to values less than 
the limitations imposed by secondary break- 
down. 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 


FIGURE 7 - CAPACITANCE versus VOLTAGE 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


IC, COLLECTOR CURRENT (AMPS) 


Vr, REVERSE VOLTAGE (VOLTS) 
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MOtdROLA 

SiMIGONDUCTOR 

tECHNICAL DATA 


2N5344 


HIGH VOLTAGE POWER PNP SILICON TRANSISTOR 


. . . designed for high-voltage switching and amplifier applications. 

• High Voltage Rating VcEQ = 250 Vdc 

• Fast Switching time — Typidally Less Than 560 ns 

total @ Vcc — Vdc 

• High Current-Gain-Bandwidth Product — 

fr = 60 MHz (Min) @ Ic = 100 mAdc 

• Packaged in the Compact, High-Efficiency TO-213AA Case 


1 AMPERE 

POWER TRANSISTOR 
PNP SILICON 


250-300 VOLTS 
40 WATTS 
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2N5344 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

Characteristic Fig. No. Symbol Min Max Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
dC - 10 mAdc, Ib = 0) 

2N5344 

5 

VCEO{sus) 

250 

- 

Vdc 

Collector Cutoff Current 


10, 12 

•CEX 



^Adc 

(VcE = 225 Vdc, VBE(off) = 1-5 Vdc) 

2N5344 



_ 

100 


(VcE = 225 Vdc, VBE(off) = 1-5 Vdc, 







Tc = 150X) 

2N5344 



- 

1.0 

mAdc 

Collector Cutoff Current 


— 

•CBO 



mAdc 

(VcB = Rated Vcb- Ie = 0) 




— 

0.1 


Emitter Cutoff Current 


— 

'ebo 



mAdc 

(Vbe= 5.0 Vdc, lc = 0) 




- 

0.1 



ON CHARACTERISTICS 


DC Current Gain ( 1 ) 
dC = 500 mAdc, Vqe = 5.0 Vdc) 

(IC= 1.0 Adc, VcE= 5.0 Vdc) 

8 

hpE 

25 

7.0 

150 


Collector-Emitter Saturation Voltage 
dC- I .OAdc, Ib = 0.2 Adc) 

9, 11, 13 

VcE(sat) 

_ 

3.0 

Vdc 

Base-Emitter Saturation Voltage 
dC= I .OAdc, Ib = 0.2 Adc) 

11, 13 

VBE(sat) 

— 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 1 00 mAdc, VcE = 20 Vdc, f = 1 0 MHz) 


fT 

60 


MHz 

Output Capacitance 
(VcB= 10 Vdc, Ie = 0) 

7 

Oob 

— 

200 

PF 


SWITCHING CHARACTERISTICS 


Turn-On 

(Vcc = 100 Vdc, Ic = 500 mAdc, 

Ibi = Ib 2 ~ 50 mAdc) 

2, 3 

ton 

— 

200 

ns 

Turn-Off 

(Vcc = 100 Vdc, Ic == 500 mAdc, 

Ibi = Ib 2 ~ 50 mAdc) 

2, 6 

toff 

— 

700 

ns 


(1 ) Pulse Test; Pulse Width = 300 fis, Duty Cycle = 2.0%. 


FIGURE 2 ~ SWITCHING TIME TEST CIRCUIT 




0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 


IC, COLLECTOR CURRENT (AMP) 
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2N5344 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 


t, TIME (ms) 



20 30 40 50 70 100 200 300 400 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 

IC, COLLECTOR CURRENT (AMP) 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. 
Safe operating area curves indicate Iq— limits of the tran- 
sistor that must be observed for reliable operation; i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 5 is based on Tj(pk) = 2CX)°C; Tc is var- 
iable depending on conditions. Pulse curves are valid for duty 
cycles of 10% provided Tj(pk) ^ 200°C. Tj(pk) may be calcu- 
lated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by secondary breakdown. 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 


Vr, REVERSE VOLTAGE (VOLTS) 
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hpE, DC CURRENT GAIN 


2N5344 







MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N5428 

thru 

2N5430 


MEDIUM-POWER NPN SILICON TRANSISTORS 


. . . designed for switching and wide-band amplifier applications. 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 1.2 Vdc (Max) @ Ic = 7.0 Adc 

• DC Current Gain Specified to 7 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact TO-213AA Case 


*MAXIMUM RATINGS 


Rating 

Symbol 

2N5429 
2N5428 2N5430 

Unit 

Collector-Emitter Voltage 

VCEO 

80 100 

Vdc 

Collector-Base Voltage 

VcB 

80 100 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

6.0 

Vdc 

Collector Current — Continuous 

•c 

7.0 

Adc 

Base Current 

■b 

1.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

Derate above 25°C 

s Pd 

40 

228 

Watts 

mW/°C 

Operating and Storage Junction 

Temperature Range 

I^J, 7‘stg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

®JC 

4.37 

OC/W 


Indicates JEDEC Registered Data 


3 
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2N5428 thru 2N5430 


♦ELECTRICAL CHARACTERISTICS (Tq ° 25°C, unless otherwise noted) 

j Characteristic \ Fig. No. \ Symbol | Min | Max | Unit \ 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (D 

dC = 50mAdc, Ib = 0> 

2N5428 
2N5429, 2N5430 


VcEO(sus)* 

80 

100 

- 

Vdc 

Collector Cutoff Current 


- 

•CEO 



pAdc 

(VcE = 75 Vdc, Ib = 0) 

2N5428 



- 

100 


(VcE = 90 Vdc, Ib = 0) 

2N5429, 2N5430 


' 

- 

100 


Collector Cutoff Current 


12 

•CEX 



MAdc 

(VcE = 75 Vdc, VEB(off) = 1-5 Vdc) 

2N5428 



- 

10 


(VcE = 90 Vdc, VEB(off) = 1-5 Vdc) 

2N5429, 2N5430 



- 

10 


(VcE = 75 Vdc, VEB(off) = '• •5 Vdc, 







Tc = 150OC) 

2N5428 



■ - 

1.0 

mAdc 

(VcE = 90 Vdc, VEB(off) = 1-5 Vdc, 







Tc=150°C) 

2IM5429, 2N5430 



- 

1.0 


Collector Cutoff Current 


- 

•CBO 



MAdc 

(VcB = Rated Vqb, Ie = 0) 




- 

10 


Emitter Cutoff Current 


- 

•ebo 



MAdc 

(Vbe = 6.0 Vdc, lc = 0) 





100 



ON CHARACTERISTICS (1) 


DC Current Gain 

dc = 500 mAdc, VcE = 2.0 Vdc) 

dc = 2.0 Adc, Vce = 2.0 Vdc) 

dc = 5.0 Adc, VcE = 2.0 Vdc) 

2N5429 
2N5428, 2N5430 
2N5429 
2N5428, 2N5430 

2N 5429 

2N 5428, 2N5430 

8 

hpE* 

30 

60 

30 

60 

20 

40 

120 

240 


Collector-Emitter Saturation Voltage 


9, 11, 13 

VcE(sat)* 



Vdc 

dC = 2.0 Adc, Ib = 0.2 Adc) 




- 

0.7 


dC = 7.0Adc, lB = 0.7Adc) 




- 

1.2 


Base-Emitter Saturation Voltage 


11, 13 

VBE(sat)* 



Vdc 

dc = 2.0 Adc, Ib= 0.2 Adc) 




- 

1.2 


dc = 7.0 Adc, Ib == 0.7 Adc) 




- 

2.0 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

dc = 500 mAdc, VcE = 10 Vdc, f = 10 MHz) 

- 

It 

30 

_ 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

7 

Cob 

_ 

250 

pF 

Input Capacitance 

(Vbe = 2.0 Vdc, Ic = 0, f - 100 kHz) 

7 

Cib 

_ 

1,000 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 40 Vdc, VEB(off) = 3.0 Vdc, 

2,3 

td 

- 

100 

ns 

Rise Time 

dc = 2.0 Adc, Ibi = 200 mAdc) 


tr 

_ 

100 

ns 

Storage Time 

(Vcc = 40 Vdc, Ic = 2.0 Adc, 

2,6 

's 

- 

2.0 

MS 

Fall Time 

■bI - 200 mAdc) 


tf 

- 

200 

ns 


‘Indicates JEDEC Registered Data. (1 )Pulse Test: Pulse Width 300 ais. Duty Cycle « 2.0%. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


-11.6 V Vcc 




0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

IC, COLLECTOR CURRENT (AMPS) 
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r(t). NORMALIZED EFFECTIVE TRANSIENT 

t.TIME(iUs) IC, COLLECTOR CURRENT (AMPS) THERMAL RESISTANCE 


2N5428 thru 2N5430 



sSSiSSSSS 


Siasssms 


iiliiliiiiU-SIl 


SiiiiliP 



0 JC = 4.37OC/W Max 


0 CURVES APPLY FOR POWER 


PULSE TRAIN SHOWN 


Tj(pk)-Tc = P(pk)0JC(t)4 




U.Ul 0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 700 1000 

t, TIME OR PULSE WIDTH (ms) 


FIGURE 5 - ACTIVE-REGIOMSAFE OPERATING AREA 


liiiil 


: Tj = 2000c j — \— 
_ Secondar 

-.Bonding \ 
■ — — 7- ~ Thermal I 
Pulse Out 



2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power han- 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate Ic-VcE limits of the transistor 
that must be observed for reliable operation; 
i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p|^) = 
200°C; Tc is variable depending on conditions. 
Pulse curves are valid for duty cycles of 10% pro- 
videdTj(pk) ^200°C. Tj(pk) may be calculated 
from the data in Figure 4. At high case tem- 
peratures, thermal limitations will reduce the 
power that can be handled to values less than 
the limitations imposed by secondary break- 
down. 


FIGURE 6 - TURN-OFF TIME 


FIGURE 7 - CAPACITANCE versus VOLTAGE 
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Ic, COLLECTOR CURRENT (AMPS) 


Vr, reverse voltage (VOLTS) 

















MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


NPN 

PNP 

2N5629 

2N6029 

2N5630 

2N6030 

2N5631 

2N6031 


HIGH-VOLTAGE - HIGH POWER TRANSISTORS 

. . . designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Collector-Emitter Sustaining Voltage - 

VcEO(sus) = 100 Vdc - 2N5629, 2N6029 
- 120 Vdc - 2N5630, 2N6030 
= 140 Vdc - 2N5631,2N6031 

• High DC Current Gain - @ Ic = 8.0 Adc 

hpE = 25 (Min) - 2N5629, 2N6029 
= 20 (Min) - 2N5630, 2N6030 
= 15 (Min) - 2N5631, 2N6031 

• Low Collector-Emitter Saturation Voltage - 

VCE(sat) = 1 0 Vdc (Max) @ Ic = 10 Adc 


16 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

100-120-140 VOLTS 
200 WATTS 



^MAXIMUM RATINGS 


Rating 

Symbol 

2N5629 

2N6029 

2N5630 

2N6030 

2N5631 

2N6031 

Unit 

Collector-Emitter Voltage 

VCEO 

100 

120 

140 

Vdc 

Collector-Base Voltage 

VCB 

100 

120 

140 

Vdc 

Emitter-Base Voltage 

■'^EB 

7.0 

Vdc 

Collector Current Continuous 

Peak 

'c 

-i 16 ^ 

-i 20 

Adc 

Base Current Continuous 

'b 

-i 5.0 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

— 200 — 

1.14 — 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj'Tstg 

-65 to +200 

OC 


*THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

»JC 

0.875 

°C/\N 


I ndicates JE OE C Registered Data. 




STYLE 1: STYLES: 

PINT. BASE PIN 1. ANODE 

2. EMITTER 2. CATHODE 

CASE: COLLECTOR 
NOTES: 

1. DIAMETERS Q, V AND SURFACE T ARE DATUMS. 

2. POSITIONAL TOLERANCE FOR HOLE Q: 
as 0.25 (0.010) ®|t|V@| 

3. POSITIONAL TOLERANCE FOR LEAD S: 

I (|)|N-30(0.012)®|t|V®|Q®1 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

~Ti 

- 

3.43 

_ 

0.135 

F 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

~n 

16.8 

9 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 


3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 

V 

3.84 

4.09 

0.151 

0.161 


CASE 11-01 
TO-204AA 
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2N5629, 2N5630, 2N5631 NPN 
2N6029, 2N6030, 2N6031 PNP 


•electrical characteristics (Tc = 25°c unless otherwise noted) 

Characteristic I Symbol T Min j Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
dC = 200 mAdc, Ib = 0) 

2N5629, 2N6029 
2N5630, 2N6030 
2N5631, 2N6031 

VcEO(sus) 

100 

120 

140 

- 


Collector-Emitter Cutoff Current 


• cpn 



mAdc 

(VcE = 50 Vdc, Ib = 0) 

2N5629, 2N6029 


_ 

2.0 


(VcE = 60 Vdc, Ib = 0) 

2N5630, 2N6030 


_ 

2.0 


(VcE = 70 Vdc, Ib = 0) 

2N5631, 2N6031 


- 

2.0 


Collector-Emitter Cutoff Current 


•CEX 




(VcE = Rated Vcb- VEB(off) 1 -5 Vdc) 



- 

2.0 


(VcE = Rated Vqb- VgBloff) = '•■5 Vdc, Tq = 

150°C) 


- 

7.0 


Collector-Base Cutoff Current 


'CBO 

_ 

2.0 


(Vcb “ Rated Vqb- ^E ~ 0) 





■Is 

Emitter-Base Cutoff Current 


'ebo 

- 

5.0 


(Vbe = 7.0 Vdc, Ic = 0) 


1 



■h 


ON CHARACTERISTICS (1) 


DC Current Gain 

(Ic = 8.0 Adc, VcE = 2.0 Vdc) 2N5629. 2N6029 

2N5630, 2N6030 
2N5631, 2N6031 

(Ic = 16 Adc, VcE = 2.0 Vdc) All Types 

hPE 

25 

20 

15 

4.0 

100 

80 

60 


Collector-Emitter Saturation Voltage 
dC = 10 Adc, Ib = 1.0 Adc) All Types 

dC = 16 Adc, Ib = 4.0 Adc) 

VCE(sat) 

- 

1.0 

2.0 


Base-Emitter Saturation Voltage 
dc = 10 Adc, Ib = 1.0 Adc) 

VBE(sat) 

- 

1.8 

HH 

Base-Emitter On Voltage 
dc = 8.0 Adc, VcE - 2.0 Vdc) 

VBE(on) 

1 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 
dc = 1.0 Adc, VcE = 20 Vdc, f^est 0-5 MHz) 

fj 

1.0 

- 

_ 

Output Capacitance 2N5629, 30, 31 

(Vcb = 10 Vdc, Ie = 0, f = o.i mhz) 2 N 6029 . 30.31 . 

Oob 

- 

500 

1000 

pF 

Small-Signal Current Gain 
dc = 4.0 Adc, VcE = 10 Vdc, f = 1.0 kHz) 

^fe 

15 

- 

- 


I ndicates JE DEC Registered Data. 

(1) Pulse Test: Pulse Width <300 ms. Duty Cycle >2.0%. 
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FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 


Vcc 

+30 V 


I 25 ^ 
+11 V I 

0 _ J 

-9.0 V 




tf, tf 5110 ns 
DUTY CYCLE = 1.C 



RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE Ib -100 mA 
MSD6100 USED BELOW Ib 'dOO mA 



0.03 1 I 1,1 ij 1 1 1 LJ I I I in LJ 

0.2 0.3 0.5 0.7 ,1.0 2.0 3.0 5.0 7.0 10 20 

IC, COLLECTOR CURRENT (AMP) 


For PNP test circuit, reverse all polarities and D 1. 







r(t), EFFECTIVE TRANSIENT THERMAL 


2N562g, 2N5630, 2N5631 NPN 
2N6029, 2IS16030, 2N6031 PNP 


FIGURE 4 - THERMAL RESPONSE 



t,TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



2.0 3.0 5.0 7.0 10 20 30 50 70 TOO 200 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC'^CE liftiitsof the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(pk) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) ^ 200°C. Tj(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


NPN 

2N5629, 2N5630, 2N5631 


PNP 

2N6029, 2N6030, 2N6031 


FIGURE 6 - TURN-OFF TIME 
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IC, COLLECTOR CURRENT (AMP) 
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VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE, DC CURRENT GAIN C, CAPACITANCE (pF) 


2N5629. 2N5630, 2N5631 NPN 
2N6029, 2N6030, 2N6031 PNP 



FIGURE 8 - DC CURRENT GAIN 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 10 20 

IC, COLLECTOR CURRENT (AMP) 



FIGURE 9 - COLLECTOR SATURATION REGION 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N5655 

2N5656 

2N5657 


PLASTIC NPN SILICON HIGH-VOLTAGE 
POWER TRANSISTOR 

. . . designed for use in line-operated equipment such as audio output 
amplifiers; low-current, high-voltage converters; and AG* line relays 

• Excellent DC Current Gain - hpE = 30-250 @ Ic = 100 mAdc 

• Current-Gain - Bandwidth Product — 

fj = 10 MHz (Min) @ Ic = 50 mAdc 

• Packaged in Thermopad Case for Low Cost 


^MAXIMUM RATINGS 


0.5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

250-300-350 VOLTS 
20 WATTS 



Safa Area Limits are indicated by Figures 3 and 4. Both iimits are applicable and must be observed. 















Ic, COLLECTOR CURRENT (AMP) 


2N5655, 2N5656, 2IV15657 


•ELECTRICAL CHARACTERISTICS (Tc = 250C unless otherwise noted) 

1 Characteristic 


Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 


VcEO(sus) 



Vdc 

dc = 100 mAdc (inductive), L = 50 mH) 

2N5655 


250 

_ 



2N5656 


300 

_ 



2N5657 


350 

- 


Collector-Emitter Breakdown Voltage 





Vdc 

dc = 10 mAdc, Ib = 0) 

2N5655 

nnm 

250 

_ 



2N5656 


300 

_ 



2N5657 


350 

_ 


Collector Cutoff Current 





mAdc 

(VcE = 150 Vdc, Ib = 0) 

2N5655 


- 

0.1 


(VcE = 200 Vdc, Ib = 0) 

2N5656 


_ 

0.1 


(VcE = 250 Vdc, Ib = 0) 

2N5657 

liH 

- 

0.1 


Collector Cutoff Current 


•CEX 



mAdc 

(VcE = 250 Vdc, VEB(off) = 1-5 Vdc) 

2N5655 


- 

0.1 


(VcE = 300 Vdc, VEB(off) = 1-5 Vdc) 

2N5656 


- 

0.1 


(VcE 350 Vdc, VEB(off) = 1-5 Vdc) 

2N5657 


- 

0.1 


(VcE= 150 Vdc, VEB(off) = 15 Vdc, Tc = 100°C) 

2N5655 


- 

1.0 


(VcE = 200 Vdc, VEB(off) = 15 Vdc, Tc = lOOOC) 

2N5656 


- 

1.0 


(VcE = 250 Vdc, VEB(off) = 1-5 Vdc, Tc = 100°C) 

2N5657 


- 

1.0 


Collector Cutoff Current 





MAdc 

(VcB = 275 Vdc, Ie = 0) 

2N5655 


- 



(VcB = 325 Vdc, Ie = 0) 

2N5656 


- 



(VcB = 375 Vdc, Ie = 0) 

2N5657 


- 



Emitter Cutoff Current 


>EBO 


10 

MAdc 

(Veb = 6.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain ( 1) 
dc = 50 mAdc, Vce 10 Vdc) 
dc = 100 mAdc, Vce " 10 Vdc) 
dc = 250 mAdc, Vce = 10 Vdc) 
dc = 500 mAdc, VcE = 10 Vdc) 

hpE 

25 

30 

15 

5.0 

250 


Collector-Emitter Saturation Voltage (D 

Vce (sat) 



Vdc 

dc = 100 mAdc, Ib = 10 mAdc) 


- 



dc = 250 mAdc, Ib = 25 mAdc) 


_ 



dc = 500 mAdc, Ib = 100 mAdc) 


- 

10 


Base-Emitter Voltage (1) 

Vbe 

- 

1.0 

Vdc 

dc = 100 mAdc, VcE = 10 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 

dc = 50 mAdc, Vce = 10 Vdc, f = 10 MHz) 

It 


- 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0. f = 100 kHz) 

Oob 

- 


pF 

Small-Signal Current Gain 
dc = 100 mAdc, Vce = 10 Vdc, f = 1 .0 kHz) 

^fe 

20 

- 

- 


* Indicates JEDEC Registered Data for 2N5655 Series, 

( 1 ) Pulse Test: Pulse Width < 300 ms, Duty Cycle< 2.0%. 

(2) ij is defined as the frequency at which Ihfgl extrapolates to unity. 


FIGURE 3 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - limits of the transistor 
that must bo observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 3 is based on Tj(pk) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided T j(p|^):^150°C. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by second 
breakdown. 
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t- time (/is) V, VOLTAGE (VOLTS) hpE. DC CURRENT GAIN 


2N5655, 2N5656, 2N5657 


FIGURE 4 - CURRENT GAIN 
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IC. COLLECTOR CURRENT (mA) 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 7 -- TURN-ON TIME 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


PNP 

2N5683, 2N5684 

NPN 

2N5685, 2N5686 


HIGH-CURRENT COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . , designed for use in high-power amplifier and switching circuit 
applications. 

• High Current Capability — Iq Continuous = 50 Amperes. 

• DC Current Gain - 

hpE = 15-60 @ Ic = 25 Adc 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 10 Vdc (Max) @ Iq = 25 Adc 


50 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 
300 WATTS 


*MAXIMUM RATINGS 


Rating 

Symbol 

2N5683 

2N5685 

2N5684 

2N5686 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base Voltage 

VCB 

60 

80 

Vdc 

Emitter-Base Voltage 

veb 

5.0 

Vdc 

Collector Current - Continuous 

•c 

50 

Adc 

Base Current 

•b 

15 

Adc 

Total Device Dissipation @ Tq = 25°C 

Pd 

300 

Watts 

Derate above 25°C 


1.715 

W/®C 

Operating and Storage Junction 
Temperature Range 

Tj.Tstg 

-65 to -*-200 

°C 



*THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

®JC 

0.584 

OC/W 


Indicates JE DEC Registered Data. 




STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 





INCHES 1 



MIN 

MAX 

n 



1.510 

1.550 


■ElEi 

Klir:! 

0.760 

0.830 

n 



0.250 

0.300 


■E3 

■nnii 

0.057 

0.063 

E 

- 


inmii 

0.135 




1.177 

1.197 

\mm 


■iwri 

0.420 

0.440 

n 

mwa 

fFl 

0.205 

0.225 

1 j. 

■riT:« 


0.655 

0.675 

n 


■mil 

0.440 

0.480 



Mill 

0.151 

0.161 

a 


■-Mi?! 

0.980 

1.050 
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2N5683, 2N5684 PNP, 2N5685, 2N5686 NPN 


‘ELECTRICAL CHARACTERISTICS (Tc = 250C unless otherwise noted) 

Characteristic j Symbol { Min [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Note 1) 

(IC = 0.2 Adc, Ib = 0) 

2N5683, 2N5685 
2N5684. 2N5686 

VcEO(sus) 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 




(VcE ® 30 Vdc, Ib = 0) 

2N5683, 2N5685 


- 



(VcE = 40Vdc.lB*0) 

2N5684, 2N5686 


- 



Collector Cutoff Current 


'CEX 



mAdc 

(VcE = 60 VUc, VEB(off) = '••5 Vdc) 

2N5683, 2N5685 


- 

2.0 


(VcE = 80 Vdc, VEB(off) ‘• •6 Vdc) 

2N5684, 2N5686 


- 

2.0 


(VcE = 60 Vdc, VEB(off) “ ‘• •5 Vdc, Tc = ISO^C) 

2N5683, 2N5685 


- 

10 


(VcE = 80 Vdc. VEB(off) = ‘••5 Vdc, Tq = ISO^C) 

2N5684, 2N5686 


- 

10 


Collector Cutoff Current 


'CBO 



mAdc 

(VcB = 60 Vdc, Ie = 0) 

2N5683, 2N5685 


- 

2.0 


(Vcb = 80 Vdc, Ie = 0) 

2N5684, 2N5686 


- 

2.0 


Emitter Cutoff Current 


'ebo 

- 

5.0 

mAdc 

(Vbe = 5 0 Vdc, Ic = 0) 




1 



ON CHARACTERISTICS 


DC Current Gain (Note 1) 
dC = 25 Adc, VcE = 2.0 Vdc) 
dc = 50 Adc, VcE = 5.0 Vdc) 



60 


Collector-Emitter Saturation Voltage (Note 1) 
dc = 25 Adc, Ib = 2.5 Adc) 
dc = 50 Adc, Ib = 10 Adc) 


- 



Base-Emitter Saturation Voltage (Note 1) 
dC = 25Adc, lB = 2.5Adc) 

Vbe (sat) 

- 

2.0 


Base-Emitter On Voltage (Note 1) 
dc = 25 Adc. VcE = 2 0 Vdc) 

VBE(on) 

- 

2.0 

Vdc 

DYNAMIC CHARACTERISTICS 

Current-Gain— Bandwidth Product 
dc = 5.0 Adc. VcE = 10 Vdc, f = 1.0 MHz) 

It 

2.0 

- 

MHz 

Output Capacitance 2N5683, 2N5684 

(VcB = 10 Vdc. Ie = 0, f = 0.1 MHz) 2N5685, 2N5686 

Cob 

- 

2000 

1200 

PF 

Small-Signal Current Gain 
(IC= 10 Adc, VcE = 5.0 Vdc, f = 1.0 kHz) 

hfe 

15 

- 



'indicates JE DEC Registered Data 

Note 1 : Pulse Test; Pulse Width ^ 300 ns. Duty Cycle ^ 2.0%. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 




FOR CURVES OF FIGURES 3 & 6, Rb & RL ARE VARIED. 
INPUT LEVELS ARE APPROXIMATELY AS SHOWN. 

FOR NPN CIRCUITS, REVERSE ALL POLARITIES. 


FIGURE 3 - TURN-ON TIME 
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2N5683, 2N5684 PIMP, 2N5685, 2N5686 IMPN 


FIGURE 4 - THERMAL RESPONSE 
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DUTY CYCLE, D = ti/t2 
k) 


: dJClt) = r(t) 0JC I 

0JC = 0.584OC/W MaxTI \Z 
D CURVES APPLY FOR P0WER_ 
PULSE TRAIN SHOWN 

- READ TIME AT ti 

-Tj(pk)-Tc = P(pk)0JC(t) 


FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



SECOND BREAKDOWN LIMITED 
BONDING WIRE LIMITED 
THERMALLY LIMITED @ Tq = 250C 
(SINGLE PULSE) 

CURVES APPLY BELOW 

- rated vcEo 
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VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


.1$ 


IS 



: 

1 _ 

§ 

c 

.0 

1 

m 




= 

F 










= 

= 



= 

z 











► 




There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — V^E limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(pk) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|^) ^200°C. Tj(p|^) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 6 - TURN-OFF TIME 


2N5683,2N5684(PNP) 


2N5685,2N5686 (NPN) 


FIGURE 7 - CAPACITANCE 
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2N5683, 2N5684 PNP, 2N5685, 2N5686 NPN 
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FIGURE 8 - DC CURRENT GAIN 


VCE = 2.0 V 
VcE = 10 V 
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FIGURE 10 - "ON" VOLTAGES 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N5758 

2N5760 


HIGH-VOLTAGE HIGH-POWER 
SILICON TRANSISTORS 


. . . designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 100 Vdc (Min) — 2N5758 
= 140 Vdc (Min) — 2N5760 

• DC Current Gain @ Ic = 3.0 Adc — 

hpE = 25 (Min) — 2N5758 
= 15 (Min) — 2N5760 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 10 Vdc (Max) @ Ic = 3.0 Adc 


6 AMPERE 

POWER TRANSISTORS 
NPN SILICON 
100-140 VOLTS 
150 WATTS 



*MAXIMUM RATINGS 


Rating 

Symbol 

2N5758 

2N5760 


Collector-Emitter Voltage 

VCEO 

100 

140 

Vdc 

Collector-Base Voltage 

VCB 

100 

140 


Emitter-Base Voltage 

veb 

7.0 

Vdc 


•c 







Base Current 

Ib 

4.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

pd 


Watts 

Derate above 25°C 



W/°C 

Operating and Storage Junction, 

Tj. Tstg 

-65 to +200 


Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 


Thermal Resistance, Junction to Case 


1.17 



* I ndicates JED EC Registered Data 



A 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 
NOTES: 

1. DIAMETERS Q, V AND SURFACE T ARE DATUMS. 

2. POSITIONAL TOLERANCE FOR HOLE Q: 

I »| 00.25 (0.010) ©iTl 

3. POSITIONAL TOLERANCE FOR LEADS: 
m 0.30(0.012) ®|t|v ©la® I 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5,1973. 


IB 

miiiiU 

INCHES I 

mjem 

umm 



Kl 

- 


- 


K1 

- 


- 

liiK:|clil 

mm 

■19 

■l:f 

inF1?il 


mm 


■liM 


jUMiLSl 


- 

BEEl 

- 

■lie):! 

n 



■a 

10.92 BSC 


mm 

5.46 BSC 

0.215 BSC 


16.8 

9 BSC 


n 

■mi:! 

■MPl 

■IRLIII 


■a 


■liM 

091 

■illil! 

■a 

- 

Em 



■a 


■jjai 

lilHl 

■ilMl 
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CASE 11-01 
TO-204AA 



















2N5758, 2N5760 


♦ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

r Characteristic I Symbol I Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(IC = 200 mAdc, Ib = 0) 

2N5758 

2N5760 

VcEO(sus) 

100 

120 

140 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

(VcE = 50 Vdc, Ib = 0) 

2N5758 



1.0 


(VcE = 60 Vdc. Ib = 0) 




1.0 


(VcE = 70 Vdc, Ib =0) 

2N5760 


- 

1.0 


Collector Cutoff Current 


•CEX 



mAdc 

(VcE = Rated Vqb. ^BEloff) = 1-5 Vdc) 



■ - 

1.0 


(VcE = Rated Vqb- VBEioff) = '••5 Vdc, Tq = 

150OC) 



5.0 


Collector Cutoff Current 


*CBO 



mAdc 

(VcB = Rated Vqb. 'E = 



- 

1.0 


Emitter Cutoff Current 


'EBO 



mAdc 

(Vbe = 7.0 Vdc, Ic = 0) 



- 

1.0 



ON CHARACTERISTICS (1) 


DC Current Gain 

(IC = 3.0 Adc, Vce = 2.0 Vdc) 

dC = 6.0 Adc, VcE = 2.0 Vdc) 

2N5758 

2N5760 

All Types 

hPE 

25 

15 

5.0 

100 

60 


Coliector-Emitter Saturation Voltage 


VcE(sat) 



Vdc 

dC = 3.0 Adc, Ib = 0.3 Adc) 




1.0 


dc = 6.0Adc, Ib = 1.2Adc) 




2.0 


Base-Emitter On Voltage 


VBE(on) 



Vdc 

dC = 3.0 Adc, VcE = 2.0 Vdc) 



- 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

dC = 0.5 Adc, VcE = 20 Vdc, ftest = 0.5 MHz) 

It 

1.0 

_ 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) 

^ob 

_ 

300 

pF 

Small-Signal Current Gain 

dc = 2.0 Adc, VcE = 10 Vdc, f = 1.0 kHz) 

Itfe 

15 

- 

, “ 


• Indicates JEDEC Registered Data 

(1) Pulse Test: Pulse Width ^ 300 ms, Duty Cycle ^2.0% 

(2) fT = lhfe I •ftest 


FIGURE 2 - SWITCHING TIME TEST 
CIRCUIT 


Vcc 

+30 V 




tr, tf^llO ns 
DUTY CYCLE = 1.0% 

RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg; 
MB05300 USED ABOVE IB ^100 mA 
MSD6100 USEO BELOW Ib «100 mA 

For PNP test circuit, reverse all polarities and DI . 
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Ic, COLLECTOR CURRENT (AMP) 


2N5758, 2N5760 


FIGURE 3 - TURN-ON TIME 



FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p|<) = 200; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T j(pk)^ 200°C. Tj(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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2N5758, 2N5760 



0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 6.0 

IC, COLLECTOR CURRENT (AMP) 


FIGURE 7 - CAPACITANCE 





. Ic, COLLECTOR CURRENT (AMP) 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


PNP 

2N5875, 2N5876 

NPN 

2N5877, 2N5878 


COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

. . .designed for general-purpose power amplifier and switching appli- 
cations. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 1 0 Vdc (Max) @ Ic = 5.0 Adc 

• Low Leakage Current — 

ICEX = 0-5 mAdc (Max) @ Rated Voltage 

• Excellent DC Current Gain — 

hpE = 20 (Min) @ Iq = 4.0 Adc 

• High Current Gain — Bandwidth Product — 

fj = 4.0 MHz (Min) @ Ic = 0.5 A 


*MAXIMUIVI RATINGS 


Rating 

Symbol 

2N5875 

2N5877 

2N5876 

2N5878 

Unit 

Collector-Emitter Voltage 


60 


Vdc 

Co Hector- Base Voltage 


60 


Vdc 

Emitter-Base Voltage 


5.0 

Vdc 

Collector Current — Continuous 

Peak 

•c 

10 

20 

Adc 

Base Current 

•b 

4.0 

Adc 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Pd 

150 

0.857 


Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-65 to +200 

■1 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

®JC 

1.17 

OC/W 



10 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 


60-80 VOLTS 
150 WATTS 



A 



STYLE 1; STYLES: 

PIN 1. BASE PINT ANODE 

2. EMITTER 2. CATHODE 

CASE: COLLECTOR 
NOTES: 

1. DIAMETERS 0, V AND SURFACE T ARE DATUMS. 

2. POSITIONAL TOLERANCE FOR HOLE 0: 

I 0-10 0.25 (0.010) ®|T I 

3. POSITIONAL TOLERANCE FOR LEAD S: 

I 0100.30 (0.012)®|t| V®|Q@| 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5,1973. 



MILLIMETERS 


■Ml 

WIlVM 

17ilTM 


K1 

IBH 

39.37 

- 


mm 

- 

EEEI 

- 


mm 

6.35 

7.62 

0.250 


D 



imEEi 


E 

- 

mEsm 

- 

■il'kll 

F 

30.15 BSC 

1.187 BSC 

6 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

mm 

- 


- 





liini 

■ilMI 


CASE 11-01 
TO-204AA 


3 
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2N5875, 2N5876 PNP, 2ISI5877, 2N5878 NPN 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

I Characteristic | Symbol | Min | Max j Unit | 


OFF CHARACTERISTICS 


Col lector- Emitter Sustaining Voltage (1) 

(ic = 200 mAdc, \q = 0) 

2N5875. 2N5877 

2N5876. 2N5878 

VcEO(sus) 

60 

80 


Vdc 

Collector Cutoff Current, 


'CEO 



mAdc 

(VcE = 30 Vdc. Ib = 0) 

2N5875. 2N5877 


- 

1.0 


(VcE = 40Vdc, Ib = 0> 

2N5876, 2N5878 


- 

1.0 


Collector Cutoff Current 


'CEX 



mAdc 

(VcE = 60 Vdc. VBE(off) = 1-5 Vdc) 

2N5875. 2N5877 


- 

0.5 


(VcE = 80 Vdc. VBEloff) = 1-5 Vdc) 

2N5876. 2N5878 


- 

0.5 


(VcE = 60 Vdc. VBE(off) = 1*5 Vdc. Tq = 

150°C) 2N5875. 2N5877 


- 

5.0 


(VcE “ 80 Vdc, VBE(off) = ^ -5 Vdc, T^ = 

150°C) 2N5876, 2N5878 



5.0 


Collector Cutoff Current 


•CBO 



mAdc 

(Vcb = 60 Vdc, Ie =0) 

2N5875. 2N5877 


- 

0.5 


(Vcb = 80 Vdc. Ie = 0) 

2N5876. 2N5878 



0.5 


Emitter Cutoff Current 


'ebo 

- 

1.0 

mAdc 

(Veb = 5.0 Vdc. Ie = 0) 







ON CHARACTERISTICS 


DC Current Gain (1) 

(lC= l OAdc. VcE = 4.0 Vdc) 
dC = 4.0 Adc. VcE = 4.0 Vdc) 
dc = 10 Adc. VcE = 4.0 Vdc) 

hPE 

35 

20 

4.0 

100 


Collector-Emitter Saturation Voltage (1) 

VcE(sat) 



Vdc 

(IC=5.0Adc. lB = 0.5Adc) 


- 

1.0 


dC" 10 Adc. Ib = 2.5 Adc) 


' ^ - 

3.0 


Base-Emitter Saturation Voltage (1) 

VBE(sat) 

- 

2.5 

Vdc 

dc= 10 Adc. Ib = 2.5 Adc) 





Base-Emitter On Voltage (1) 

VBE(on) 

- 

1.5 

Vdc 

dc = 4.0 Adc. VcE = 4.0 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

dc = 0.5 Adc. VcE = 10 Vdc. ftest = 10 MHz) 


4.0 

- 

MHz 

Output Capacitance 


- 


pF 

(Vcb = 10 Vdc. lE = 0.f= 1.0 MHz) 2N5875. 2N5876 


- 

500 


2N5877. 2N5878 


- 

300 


Small-Signal Current Gain 

'^fe 

20 

- 

- 

dc= 1.0 Adc. VcE =4.0 Vdc. f= 1.0 kHz) 






SWITCHING CHARACTERISTICS 


Rise Time 

(Vcc = 30 Vdc. Ic = 4.0 Adc. IbI = 'B2 = 0.4 Adc. 

See Figure 2) 

tr 

- 

0.7 

MS 

Storage Time 

^s 

- 

1.0 

MS 

Fall Time 

tf 

- 

0.8 

MS 


•Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Widths 300 /us. Duty Cvcle< 2.0%. 

(2) fj = lhfe|»W 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

Vcc 

-30 V 


0 

11 V — }- 


n 


tr,tf<10 ns 
DUTY CYCLE = 1.0% 


For NPN test circuit, 
reverse all polarities. 



RB and Rc ARE VARIED TO OBTAIN 
DESIRED CURRENT LEVELS 

Di MUST BE FAST RECOVERY TYPE, e.g. 
MBD5300 USED ABOVE 100 m/(V 
MSD6100 USED BELOW Ib ^100 mA 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 


IC, COLLECTOR CURRENT (AMPERES) 
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IT THERMAL 


2N5875, 2N5876 PNP, 2N5877, 2N5878 NPN 


FIGURE 4 - THERMAL RESPONSE 







MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


PNP 

2N5879, 2N5880 

NPN 

2N5881, 2N5882 


COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

, . . designed for general-purpose power amplifier and switching 
applications. 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 60 Vdc (Min) - 2N5879, 2N5881 
= 80 Vdc (Min) - 2N5880, 2N5882 

• DC Current Gain — 

hpE = 20 (Min) @ Ic = 6.0 Adc 

• Low Collector Emitter Saturation Voltage — 

VcE(sat) " 1 0 Vdc (Max) @ Iq = 7.0 Adc 

• High Current — Gain-Bandwidth Product — 

fj = 4.0 MHz (Min) @ Iq = 1 .0 Adc 

• Recommended for New Circuit Designs 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N5879 

2N5881 

2N5880 

2N5882 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base Voltage 

VcB 

60 

80 

Vdc 


Emitter-Base Voltage VgB 5.0 Vdc 

Collector Current — Continuous Iq 15 Adc 

Peak ^ 

Base Current I b 5.0 Adc 

Total Device Dissipation @Tc = 25°C Pp 160 Watts 

Derate above 25°C 0.915 W/°C 

Operating and Storage Junction Tj.Tjtg -65 to -r200 °C 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case 0jC 1.1 °C/W 

* Indicates JEOEC registered data. Limits and conditions differ on some parameters and re- 
registration reflecting these changes has been requested. All above values meet or exceed 
present JED EC registered data. 

I FIGURE 1 - POWER DERATING I 



15 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 
160 WATTS 
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STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE; COLLECTOR 
NOTES: 

DIAMETERS Q, V AND SURFACE T ARE DATUMS. 

2. POSITIONAL TOLERANCE FOR HOLE Q; 
m 0.25 (0.010) ®|t| V(S)1 

3. POSITIONAL TOLERANCE FOR LEAD S: 

I 0100.30(0.012) ®|t|v®1q~^ 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5,1973. 


75 100 125 150 

Tc, CASE TEMPERATURE |0C) 



MILLIMETERS 

INCHES 1 

DIM 

MIN MAX 

MIN 

MAX 

A 

39.37 

- 

1.550 

B 

21.08 

_ 

0.830 

n 

6.35 7.62 

0 250 

0.300 

D 

0.99 1.09 

0.039 

0.043 

E 

3.43 

- 

0.135 

IT 

30.15 BSC 

1.187 BSC 

G 

H 

10.92 BSC 
5:46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

K 

11.18 12.19 

0.440 

0.480 

Q 

3.84 4.09 

0.151 

0.161 

R 

26.67 

- 

1.050 

V 

3.84 4.09 

0.151 

0.161 


CASE 11-01 
TO-204AA 
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2N5879, 2N5880 PIMP, 2IM5881, 2IM5882 NPN 


•electrical characteristics (Tc = 250 c unless otherwise noted) 

Charactcrirtic | Symbol | Min | Max \ Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
dc = 200 mAdc, I 0 = 0) 

2N5879. 2N5881 
2N5880, 2N5882 

VcEO(sus) 

60 

80 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

(VcE = 30 Vdc, Ib = 0) 

2N5879, 2N5881 


- 

1.0 


(Vce = 40 Vdc, 1b = 0) 

2N5880. 2N5882 


- 

1.0 


Collector Cutoff Current 


•CEX 



mAdc 

(VcE = 60 Vdc, VBE(off) = Vdc) 

2N5879, 2N5881 


- 

0.5 


(Vqe = 80 Vdc, VBE(off) = ‘••5 Vdc) 

2N5880, 2N5882 


- 

0.5 


(Vqe = 60 Vdc, VBE(off) = l-S Vdc, Tq = IBO^C) 

2N5879, 2N5881 


- 

5.0 


(VcE = 80 Vdc, VBE(off) = 1-5 Vdc, Tc = 150°C) 

2N5880, 2N5882 


- 

5.0 


Collector Cutoff Current 


'CBO 



mAdc 

(Vcb = 60 Vdc, Ie =0) 

2N5879, 2N5881 


- 

0.5 


(Vcb = 80 Vdc, Ie =0) 

2N5880, 2N5882 


- 

0.5 


Emitter Cutoff Current 


•ebo 

_ 

1.0 

mAdc 

(Veb = 5.0 Vdc, lc = 0) 







ON CHARACTERISTICS 


DC Current Gain (1) 
dc = 2.0 Adc, VcE = 4.0 Vdc) 

hpE 

35 


- 

dc = 6.0 Adc, VcE = 4.0 Vdc) 


20 

100 


dc = 15 Adc, VcE = 4.0 Vdc) 


4.0 

- 


Collector-Emitter Saturation Voltage (1) 
dc = 7.0 Adc, Ib = 0.7 Adc) 

VCE(sat) 


1.0 

Vdc 

dc = 15 Adc, Ib = 3.75 Adc) 


- 

4.0 


Base-Emitter Saturation Voltage ( 1 ) 
dc= 15 Adc, Ib = 3.75 Adc) 

VBE(sat) 

- 

2.5 

Vdc 

Base-Emitter On Voltage (1) 
dc = 6.0 Adc, VcE = 4.0 Vdc) 

VBE(on) 

- 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 
dc = 1.0 Adc, VcE = 10 Vdc, ftest = 1-0 MHz) 

fT 

4.0 

- 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 2N5879, 2N5880 

2N5881, 2N5882 

Oob 

- 

600 

400 

PF 

Small-Signal Current Gain 

dc = 2.0 Adc, VcE = 4.0 Vdc, f = 1.0 kHz) 

hfe 

20 

1 

- 


SWITCHING CHARACTERISTICS 


Rise Time 

(Vcc = 30 Vdc, Ic = 6.0 Adc, 

tr 

- 

0.7 

MS 

Storage Time 

ts 

- 

1.0 

MS 

'B1 ~ *B2 “ 0.6 Adc See Figure 2) 

Fall Time 

tf 

- 

0.8 

MS 


‘Indicates JEDEC Registered Data. 

( 1 ) Pulse T est: Pulse Width < 300 MS, Duty Cycle < 2.0% 

(2) f j = |hfej • ftest 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 



tr, tf ^10 ns 
DUTY CYCLE = 1.0% 


For NPN test circuit, 
reverse all polarities. 


vcc 

-30 V 



SCOPE 


FOR CURVESOF FIGURESSand 6, 

RB and Rc ARE VARIED TO OBTAIN 
DESIRED CURRENT LEVELS 
Di MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE le-IOOmA 
MSD6100 USED BELOW Ib -^100 mA 



' 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 


IC, COLLECTOR CURRENT (AMP) 
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2N5879, 2N5880 PNP, 2N5881. 2N5882 NPN 



FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



VCE, COLLECTOR EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate \q — Vqe limits of the tran- 
sistor that must be observed for reliable operation, i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure Bis based on Tj(pk) = 200°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are 
valid for duty cycles to 10% provided Tj(p|^) <200°C. Tj(p|() 
may be calculated from the data in Figure 4. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 


FIGURE 6 - TURN-OFF TIME FIGURE 7 - CAPACITANCE 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


PNP 

2N5883, 2N5884 

NPN 

2N5885, 2N5886 


COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

. . . designed for general-purpose power amplifier and switching 
applications. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) Vdc, (max) at Ic = 15 Adc 

• Low Leakage Current 

•CEX“ 10 mAdc (max) at Rated Voltage 

• Excellent DC Current Gain - 

hpE “ 20 (min) at Ic = 10 Adc 

• High Current Gain Bandwidth Product — 

fj = 4.0 MHz (min) at Ic = 10 Adc 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N5883 

2N5885 

2N5884 

2N5886 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base Voltage 

VcB 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

'c 

25 

Adc 

Peak 


50 


Base Current 

•b 

7.5 

Adc 

Total Device Dissipation @Tq - 25°C 

Pd 

200 

Watts 

Derate above 25°C 


1.15 

w/°c 

Operating and Storage Junction 

TjTstg 

-65 to +200 

OC 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.875 

oc/w 


•Indicates JEDEC registered data. Limits and conditions differ on some parameters and re- 
registration reflecting these changes has been requested. All above values meet or exceed 
present JEDEC registered data. 



25 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 
200 WATTS 




STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 
NOTES: 

1. DIAMETERS Q, V AND SURFACE T ARE DATUMS. 

2. POSITIONAL TOLERANCE FOR HOLE 0: 

I #-100.25 (0.010) ©ITI V (M)l 

3. POSITIONAL TOLERANCE FOR LEAD S: 

I (DI0O.3O (0.012)®|t|V®1q®1 

- 4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5,1973. 


DIM 

MILLIMETERS 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 


0.135 

F 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

IBJ 

Oilsc 

0.215 BSC 

Tl 

16.89 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 


3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 

V 

3.84 

4.09 

0.151 

0.161 


CASE 11-01 
TO-204AA 
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2N5883, 2N5884 PNP, 2N5885, 2I\I5886 NPN 

•electrical characteristics (Tc = 250c unless otherwise noted) 

I Characteristic | Symbol j Min j Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(IC = 200 mAdc, Ib = 0) 

2N5883. 2N5885 
2N5884. 2N5886 

VcEO(sus) 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(VcE = 30 Vdc. Ib = 0) 

2N5883, 2N5885 


- 

2.0 


(VcE = 40 Vdc, Ib = 0) 

2N5884. 2N5886 


- 

2.0 


Collector Cutoff Current 


•CEX 



mAdc 

(VcE = 60 Vdc, VBE(off) = Vdc) 

2N5883. 2N5885 


- 

1.0 


(VcE = 80 Vdc, VBE(off) = l Vdc) 

2N5884, 2N5886 


- 

1.0 


(VcE = 60 Vdc, VBE(off) = 1-5 Vdc, Tc = 150°C) 

2N5883. 2N5885 


- 

10 


(VcE = 80 Vdc, VBE(off) = "'•5 Vdc, Tc = 150°C) 

2N5884. 2N5886 


- 

10 


Collector Cutoff Current 


•CBO 



mAdc 

(VcB = 60 Vdc, Ie = 0) 

2N5883, 2N5885 


- 

1.0 


(Vcb = 80 Vdc, Ie = 0) 

2N5884, 2N5886 


- 

1.0 


Emitter Cutoff Current 


'ebo 


1.0 

mAdc 

(Veb = 5.0 Vdc, Ic = 0 







ON CHARACTERISTICS 


DC Current Gain (1) 

dc = 3.0 Adc, VcE = 4.0 Vdc) 
dC = 10 Adc, VcE = 4.0 Vdc) 
dc = 25 Adc, VcE = 4.0 Vdc) 

hpE 

35 

20 

4.0 

100 

1 

Collector-Emitter Saturation Voltage (1) 

VcE(sat) 



Vdc 

dc = 15 Adc, Ib = 1.5 Adc) 


- 

1.0 


dc = 25 Adc, Ib = 6.25 Adc) 


- 

4.0 


Base-Emitter Saturation Voltage ( 1 ) 

VBE(sat) 

- 

2.5 

Vdc 

dc = 25 Adc, Ib = 6.25 Adc) 





Base-Emitter On Voltage (1) 

VBE(on) 


1.5 

Vdc 

dc = 10 Adc, VcE = 4.0 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 

dc = 1.0 Adc, VcE = 10 Vdc, ftest = 10 MHz) 

It 

4.0 

- 

MHz 

Output Capacitance 

( VcB = 1 0 Vdc, 1 E = 0, f = 1 .0 MHz) 2N5883. 2N5884 

2N5885. 2N5886 

Oob 


1000 

500 

pF 

Small-Signal Current Gain 

dc = 3.0 Adc, VcE = 4.0 Vdc, ftest = 10 kHz) 

'^fe 

20 

- 

- 


SWITCHING CHARACTERISTICS 


Rise Time 

(Vcc = 30 Vdc, Ic = 10 Adc, 

'B1 = 'B2 = 10 Adc) 

tr 


0.7 

MS 

Storage Time 

ts 


1.0 

MS 

Fall Time 

tf 


0.8 

MS 


’Indicates JEDEC Registered Data. 

( 1 ) Pulse Test: Pulse Width < 300 ms. Duty Cycle'S 2.0%. (2) = |hfe| • ^test- 


FIGURE 2 - SWITCHING TIME EQUIVALENT TEST CIRCUITS 





0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

IC, COLLECTOR CURRENT (AMPERES) 


FOR CURVES OF FIGURES 3 & 6, Rb & Rl ARE VARIED. 
INPUT LEVELS ARE APPROXIMATELY AS SHOWN. 

FOR NPN, REVERSE ALL POLARITIES 
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2N5883, 2N5884 PNP, 2N5885, 2N5886 NPN 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



3 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate I q-Vce limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(pk) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) ^ 200°C. Tj(p|^) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


IC, COLLECTOR CURRENT (AMPERES) 


Vr, REVERSE VOLTAGE (VOLTS) 




2N5883, 2IM5884 PNP, 2N5885, 2N5886 NPN 


PNP DEVICES 
2N5883 and 2N5884 


NPN DEVICES 
2N5885 and 2N5886 


FIGURE 8 - DC CURRENT GAIN 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 



PNP 

2N5986, 2N5987 
2N5988 


NPN 

2N5989, 2N5991 


HIGH POWER PLASTIC 

COMPLEMENTARY SILICON POWER TRANSISTORS 

. . . designed for use in general-purpose amplifier and switching circuits. 

• Collector-Base Voltage - VcBO ^ ^0 Vdc - 2N5986, 2N5989 

= 80 Vdc - 2N5987 
= 100 Vdc - 2N5988. 2N5991 

• Collector-Emitter Voltage - VceO ^0 Vdc - 2N5986, 2N5989 

= 60 Vdc - 2N5987 
= 80 Vdc - 2N5988, 2N5991 

• DC Current Gain — 

hFE = 20-120@lc = 6.0Adc 
= 7.0(Min)@lc= 12Adc 

• Co Hector- Emitter Saturation Voltage - 

VcE(sat) = 0.7 Vdc (Max) @ Iq = 6.0 Adc 


♦MAXIMUIVl RATINGS 


Rating 

Symbol 

2N5986 

2N5989 

2N5987 

2N5988 

2N5991 

Unit 

Col lector- Base Voltage 

VCB 

60 

80 

100 

Vdc 

Collector-Emitter Voltage 

VCEO 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

(Collector Current — Continuous 

Peak 

‘c 

12 

20 

Adc 

Base Current 

•b 

4.0 

Adc 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

100 

0 8 

Watts 

W/OC 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-65 to +150 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

^JC 

1.25 

OC/W 


'Indicates JEOEC Registered Data 



12 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40, 60, 80 VOLTS 
100 WATTS 



NOTES; 

1. DIM "D” UNCONTROLLED IN ZONE "H" 

2. DIM "F" DIATHRU 

3. HEAT SINK CONTACT AREA (BOTTOM) 

4. LEADSWITHIN 0.005" RAD OF TRUE 
POSITION (TP) AT MAXIMUM MATERIAL 
CONDITION. 


DIM 



MIN 

MAX 

MIN 

MAX 

n 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

lil.lil.-ii 

C 

■clTJ 

3.43 

■ilEa 

EiESi 

D 


1.24 


lilBliM 

F 

■cW 

wkwim 


liltriM 

wm 

4.2 

BSC 

ItMI.-ii 

BSC 

H 

2.67 

2.92 


liiil.-Ml 

J 

HOB 

■UMl 

0.032 

0.034 

K 

15.11 

16.38 


incgai 

mm 

go 

TYP 

mwm 

iSQHi 

1311 

■Hi 

4.95 



wm 

1.91 

2.16 



mm 

6.22 

6.48 


liieii-M 

mm 

IMilcB 

- 

EifiTifil 

- 


CASE 90-05 
TO-225AB 
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2N5986, 2N5987, 2N5988 PNP / 2N5989, 2N5991 NPN 


*ELECTRICAL CHARACTERISTICS (T^ = 25®C unless otherwise noted) 
I Characteristic 


Symbol 


Max j Unit { 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(IC = 0.2 Adc, Ib = 0) 

2N5986, 2N5989 
2N5987 
2N5988, 2N5991 

VCEOIsus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(VcE = 20 Vdc, Ib = 0) 

2N5986, 2N5989 


- 

2.0 


(VcE = 30 Vdc, Ib = 0) 

2N5987I 


- 

2.0 


(VcE = 40Vdc. Ib = 0) 

2N5988, 2N5991 


- 

2.0 


Collector Cutoff Current 


•CEX 



MAdc 

(VcE = 60 Vdc, VBE(off) = 1-5 Vdc) 

2N5986, 2N5989 


- 

200 


(VcE = 80 Vdc, VBE(off) = 1-5 Vdc) 

2N5987 


- 

200 


(VcE = 100 Vdc, VBE(off) = 1-5 Vdc) 

2N5988, 2N5991 


- 

200 


(VcE = 40 Vdc, VBE(off) = 1-5 Vdc, Tc = 1250C) 

2N5986, 2N5989 


- 

2.0 

mAdc 

(VcE = 60 Vdc, VBE(off) = 1-5 Vdc, Jq = 1250C) 

2N5987 


- 

2.0 


(VcE = 80 Vdc, VBE(off) = 1-5 Vdc, Tc = 125°C) 

2N5988, 2N5991 


- 

2.0 


Emitter Cutoff Current 


•ebo 



mAdc 

(Vbe = 5.0 Vdc, Ic = 0) 



- 

1.0 



ON CHARACTERISTICS 


DC Current Gain 

(IC = 1.5Adc, Vce = 2.0 Vdc) 
dc = 6.0 Adc, Vce = 2.0 Vdc) 
dc = 12 Adc, Vce = 2.0 Vdc) 

hPE 

40 

20 

7.0 

120 


Collector-Emitter Saturation Voltage 

Vce (sat) 



Vdc 

dc = 6.0 Adc, Ib =0.6 Adc) 


- 

0.6 


dc = 12 Adc, Ib = 1.8 Adc) 


- 

1.7 


Base-Emitter Saturation Voltage 

Vbe (sat) 



Vdc 

dc = 12 Adc, Ib = 1.8 Adc) 


- 

2.5 


Base-Emitter On Voltage 

Vbe (on) 



Vdc 

dc = 6.0 Adc, Vce = 2.0 Vdc) 


- 

1.4 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

dc = 0.5 Adc, Vce = 10 Vdc,ftest= 10 MHz) 

It 

2.0 


MHz 

Output Capacitance 

(VcB = 10 Vdc, Ig = 0, f = 1.0 MHz) 2N5986 thru 2N5988 

2N5989, 2N5991 

Cob 

- 

500 

300 

PF 

Small-Signal Current Gain 

dc = 2.0 Adc, Vce = 4.0 Vdc, f = 1.0 kHz) 

'’fe 

20 

_ 

- 


•Indicates JEDEC Registered Data. 

(1) fj = |hfe I • ^test 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 



RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE Ib ~100 mA 
MSD6100 USED BELOW Ib ==^100 mA 


For PNP test circuit reverse diode and voltage polarities. 



0.2 0.5 1.0 2.0 5.0 10 20 


IC. COLLECTOR CURRENT (AMP) 
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r(t) EFFECTIVE THERMAL RESIST/ 

t. TIME Os) IC, COLLECTOR CURRENT (AMP) (NORMALIZED) 


2N5986, 2N5987, 2N5988 PNP / 2N5989, 2N5991 NPN 


FIGURE 4 - THERMAL RESPONSE 

1.0 

0.7 




0.3 
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0.1 
0.07 
0.05 

0.03 
0.02 

0.01 

0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1000 

t. TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate 1^ — Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(pk) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) ^150°C Tj(p|^) maybe 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 

1.0 2.0 5.0 10 20 50 100 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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MOTOROLA 


See 3-112 


TECHNICAL DATA 

PNP 

NPN 


2N6034 

2N6037 


2N6035 

2N6038 


2N6036 

2N6039 


PLASTIC DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain — 

hpE = 2000 (Typ) @ Iq = 2.0 Adc 

• Collector-Emitter Sustaining Voltage — @100 mAdc 

VcEO(sus) = 40 Vdc (Min) — 2N6034, 2N6037 
= 60 Vdc (Min) — 2N6035, 2N6038 
= 80 Vdc (Min) — 2N6036, 2N6039 

• Forward Biased Second Breakdown Current Capability 

Is/b =1-5 Adc @ 25 Vdc 

• Monolithic Construction with Built-In Base-Emitter 

Resistors to Limit Leakage Multiplication 

• Space-Saving High Performance-to-Cost Ratio 

TO-225AA Plastic Package 



^MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter -Base Voltage 


2N6034 2N6035 2N6036 
Symbol 2N6037 2N6038 2N6039 Unit 
VcEO 40 60 80 Vdc 


Vro 40 60 80 



Total Power Dissipation @ Tq = 25'- 

Derate above 25°C 
Total Power Dissipation @ T/s^ = 25°C 
Derate above 25°C 
Operating and Storage Junction 
Temperature Range 
THERMAL CHARACTERISTICS 


100 

40 == 

0.32 

0.012 

■ -65 to +150- 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

^JC 

3.12 

OC/W 

Thermal Resistance, Junction to Ambient 

^JA 

83.3 

OC/W 


DARLINGTON 
4- AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

40, 60, 80 VOLTS 
40 WATTS 



1 ^2 a! t 


l”i 




J STYLE 1: 

C PINT EMIHER 


FIGURE 1 - POWER DERATING 
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60 80 100, 
T, TEMPERATURE (0C> 


NOTES; 

T LEADS, TRUE POSITIONED WITHIN 0,25mm (0.010) 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION. 



3° TYP 

0.148 I 0.158~ 
0.045 0.055 

0.025 0.035 

0.145 0.155 

0.040 


CASE 77-05 
TO-225AA 














2N6034, 2N6035, 2N6036 PNP 
2N6037, 2N6038, 2N603g NPN 


*E LECTRICAL CHAR ACTER ISTICS (Tq = 25°C unless otherwise noted) 

Characteristic [ Symbol [ Min | Max | UniT 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
dc = lOOmAdc, Ib =0) 

2N6034, 2N6037 

2N6035, 2N6038 

2N6036, 2N6039 

VcEO(sus) 

40 

60 

80 

- 

Vdc 

Collector-Cutoff Current 


'CEO 



mA 

|VcE = 40Vdc, Ib = 0) 

2N6034, 2N6037 


- 

100 


(VcE = 60 Vdc, Ib = 0) 

2N6035, 2N6038 


- 

100 


(VcE = 80Vdc, Ib = 0) 

2N6036, 2N6039 


- 

100 


Collector Cutoff Current 


•CEX 



mA 

(Vqe = 40 Vdc, VBE(off) “ Vdc) 

2N6034, 2N6037 


- 

100 


(VcE = 60 Vdc, VBE(off) = I -5 Vdc) 

2N6035, 2N6038 


- 

100 


(VcE = 80 Vdc, VREIoff) = f -5 Vdc) 

2N6036, 2N6039 


- 

100 


(VcE = 40 Vdc, VBE(off) = 1-5 Vdc 






Tc = 125°C) 

2N6034, 2N6037 


- 

500 


(Vqe = 60 Vdc, VBE(off) Vdc 






Tc = 125°C) 

2N6035, 2N6038 


- 

500 


(Vce = 80 Vdc, VBE(off) = 1-5Vdc 






Tc = 125°C) 

2N6036, 2N6039 


- 

500 


Collector Cutoff Current 


•CBO 



mAdc 

(VcB =40 Vdc, Ie =0) 

2N6034, 2N6037 


_ 

0.5 


(VcB =60 Vdc, Ie = 0) 

2N6035, 2N6038 


_ 

0.5 


(VcB =80 Vdc, Ie = 0) 

2N6036, 2N6039 


_ 

0.5 


Emitter Cutoff Current 


•ebo 

- 

2.0 

mAdc 

(Vbe =5.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain 

{IC=0.5Adc, VcE = 3.0Vdc) 
dc = 2.0 Adc, VcE = 3.0 Vdc) 
dc =4.0 Adc, VcE = 3.0 Vdc) 

hpE 

500 

750 

100 

15,000 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dc = 2.0 Adc, Ib = 8.0 mAdc) 


- 

2.0 


dc = 4.0 Adc, Ib = 40 mAdc) 


- 

3.0 


Base-Emitter Saturation Voltage 

VBE(sat) 

~ 

4.0 

Vdc 

dc =4.0 Adc, Ib = 40 mAdc) 





Base-Emitter On Voltage 

VBE(on) 

- 

Z8 

Vdc 

dc = 2.0Adc, Vce = 3.0 Vdc) 






DYNAMIC CHARACTERISTICS 


■ Small-Signal Current-Gain 

dc = 0.75 Adc, VcE = 10 Vdc, f = 1.0 MHz) 


25 

- 

- 

Output Capacitance 

^ob 



pF 

(VcB = 10 Vdc, Ie =0, f = 0.1 MHz) 2N6034, 2N6035, 2N6036 


- 

200 


2N6037, 2N6038, 2N6039 


- 

100 



•Indicates JEDEC Registered Data. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - SWITCHING TIMES 


RB & Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
Di, MUST BE FAST RECOVERY TYPES, e.g., 

MBD5300 USED ABOVE Ib ^ I00 mA 
MS06100 USED BELOW Ib =<= 100 mA 


+8.0 V 

rn 

0--1 

Vi 

approx 

— 

L. 

-12 V 





^ 

ps 


tr, tf < 10 ns 
DUTY CYCLE = 1.0% 



for td and tr, Di is disconnected 
and V2 = 0, Rb and Rc are varied 
to obtain desired test currents. 

For NPN test circuit, reverse diode, 
polarities and input pulses. 
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2N6034, 2N6035, 2N6036 PNP 
2N6037, 2N6038, 2N603g NPN 


FIGURE 4 - THERMAL RESPONSE 



ACTIVE-REGION SAFE-OPERATING AREA 


3 



VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



m l I I I 1 1 I 

5.0 7.0 10 20 30 50 70 100 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate 1^ - Vqe limits of the tran- 
sistor that must be observed for reliable operation; i^e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figures 5 and 6 is based on Tj(pi^) = 15d°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj(pk) <150°C. Tj(pk) 
may be calculated from the data in Figure 4. At high case tempera- 
tures, thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second breakdown. 


FIGURE 7 - CAPACITANCE 
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2N6034, 2N6035, 2N6036 PNP 
2N6037, 2N6038, 2N6039 NPN 


PNP 

2N6034, 2N6036, 2N6036 


I 

FIGURE 8 - DC CURRENT GAIN 


NPN 

2N6037, 2N6038, 2N6039 




FIGURE 9 - COLLECTOR SATURATION REGION 




FIGURE 10 - "ON” VOLTAGES 



45 










MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N6040 thni 2N6042 PNP 
2N6043 thni 2N6045 NPN 
MJE6040 thni MJE6041 PNP 
MJE6043 thru MJE6045 NPN 


PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

... designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain - 

hpE = 2500 (Typ) @ Ic = 4.0 Adc 

• Collector-Emitter Sustaining Voltage — @ 100 mAdc d) 

VcEO(sus) = 60 Vdc (Min) - 2N6040, 2N6043 
= 80 Vdc (Min) - 2N6041, 2N6044 
= 100 Vdc (Min) - 2N6042, 2N6045 

• Low Collector-Emitter Saturation Voltage — (i) 

VCE(sat) = 2.0 Vdc (Max) @ Ic = 4.0 Adc - 2N6040,41,2N6043,44 
= 2.0 Vdc (Max) @ Ic = 3.0 Adc - 2N6042, 2N6045 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 

(1) Applies to corresponding in-house part numbers also. 

^MAXIMUM RATINGS 


Rating 

Symbol 

2N6040 

2N6043 

I\/IJE6040 

MJE6043 

2N6041 

2N6044 

MJE6041 

MJE6044 

2N6042 

2N6045 

MJE6045 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

100 

Vdc 

Collector-Base Voltage 

VCB 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

Veb 


— 5.0 — 


Vdc 



Collector Current — Continuous 
Peak 

Base Current 

Total Power Dissipation @ Tq == 25°C 
Derate above 25°C 

Total Power Dissipation @ = 25°C 

Derate above 25°C 
Operating and Storage Junction, 
Temperature Range 

THERMAL CHARACTERISTICS 


8.0 

16 

120 

75 ^ 

0.60 

- 0.0175 

-65 to -n 50 


indicates JEDEC Registered Data 


FIGURE 1 - POWER DERATING 


— 
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DARLINGTON 
8 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80-100 VOLTS 
75 WATTS 


T 2N6040 

' 1 rlK-® thru 

1 Tfl 2N6045 






STYLE V. 

PINT BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
YU.5M, 1882. 

2. CONTROLLING DIMENSION: INCH. 

3. DIM Z OEPNES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


CASE 221A-04 
TO-220AB 



T, TEMPERATURE ("O 


1. DIM "0 UNCONTROLLED IN ZONE "H 

2. DIM "P"0IA THRU 

3. HEAT SINK CONTACT AREA (BOTTOMI 

4. LEADS WITHIN 0,005" RAD OF TRUE 
POSITION (TP) AT MAXIMUM MATERIA 
CONOITION. 


DIM rtiW I MAX'T 'MIN' TmaFI 

A I IS.13 1 15.38 I 0.635 jo.BAS I 
B 12.57 12.83 0.495 0.505 


4.22 BSC 0.166 RSC 
2.67j 2.9^ OTOS jO.m 


CASE 90-05 
TO-225AB 
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2N6040 thru 2N6042 PNP 
2N6043 thru 2N6045 NPN 
MJE6040 thru MJE6041 PNP 
MJE6043 thru MJE6045 NPN 


*ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

[ Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
dc = 100 mAdc, Ib = 0) 

2N6040, 2N6043, MJE6040, MJE6043 
2N6041, 2N 6044, MJE6041, MJE6044 
2N6042, 2N6045, MJE6045 

VcEOIsus) 

60 

80 

100 

- 

Vdc 

Collector Cutoff Current 


'CEO 



hA' 

(VcE = 66Vdc, lB = 0) , 

2N6040, 2N6043, MJE6040, MJE6043 


- 

20 


(VcE = 80 Vdc, Ib = 0) ‘ 

2N6041, 2N6044, MJE6041, MJE6044 


- 

20 


(VcE = 100 Vdc, Ib = 0)| 

2N6042, 2N6045, MJE6045 


- 

20 


Collector Cutoff Current 


'CEX 



mA 

(VcE = 60 Vdc, VgEioff) = 1.5 Vdc) 

2N6040, 2N6043, MJE6040, MJE6043 


- 



(Vce = 80 Vdc, VBE(off)= 1.5 Vdc) 

2N6041, 2N6044, MJE6041, MJE6044 


- 



(VcE = 100 Vdc, VeEloff) = 1-5 Vdc) 

2N6042, 2N6045, IV1JE6045 



20 


(ycE = 60 Vdc, VgEloff) = 1-5 Vdc, 






Tc = 150°C) 

2N6040, 2N 6043, MJE6040, MJE6043 


- 

200 


(Vce = 80 Vdc, VgEloff) = 1.5 Vdc, 






tc = ibqoc) 

2N6041, 2N 6044, MJE6041, IVIJE6044 


- 

200 


(VcE = 100 Vdc, VBE(off) = 1.5 Vdc, 






Tc= 150°C) 

2N6042, 2IM6045, MJE6045 


- 

200 


Collector Cutoff Current 


'CBO 



mA 

(VcB = 60 Vdc, Ie = 0) 

2N6040, 2N6043, MJE6040, MJE6043 


- 

20 


(VcB = 80 Vdc, Ie = 0) 

2N6041, 2N6044, MJE6041, MJE6044 


- 

20 


(VcB= 100 Vdc, Ie = 0) 

2N6042, 2N6045, MJE6045 


- 

20 


Emitter Cutoff Current 


'EBO 



mAdc 

(Vbe = 5.0 Vdc, Ic = 0) 



- 

2.0 



ON CHARACTERISTICS 


1 

DC Current Gain 

dc = 4.0 Adc, Vce = 4.0 Vdc) 2N6040,41, 2N6043,44, IVUE6040,41, MJE6043,44 
dc = 3.0 Adc, Vce = 4.0 Vdc) 2N6042, 2N6045, MJE6045 
dr = 8.0 Adc, VpF 4.0 Vdc) All Types 

liPE 

^ 1 

1000 

1000 

100 

20,000 

20,000 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dc = 4.0 Adc, Ib = 16 mAdc) 2N6040,41 ,2N 6043,44,MJE6040,41 ,MJE6043,44 


- 

2.0 


dc = 3.0 Adc, Ib = 12 mAdc) 2N6042,2N6045,1MJE6045 


- 

2.0 


dc = 8.0 Adc, Ib = 80 mAdc) All Types 


- 

4.0 


Base-Emitter Saturation Voltage 

Vbe (sat) 



Vdc 

dc = 8.0 Adc, Ib = 80 mAdc) 


- 

4.5 


Base-Emitter On Voltage 

VBE(on) 



Vdc 

dc = 4.0 Adc, Vce = 4.0 Vdc) 


■ 

2.8 



DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

dc = 3.0 Adc, Vce = 4.0 Vdc, f = 1.0 MHz) 

iHfel 

4.0 

_ 


Output Capacitance 

Cpb 



pF 

(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) 2N6040/2N6042, MJE6040 


— 

300 


2N6043/2N6045, MJE6043/MJE6045 


- 

200 


Small-Signal Current Gain 

hfe 



- 

dc = 3.0 Adc, Vce = 4.0 Vdc, f = 1 ,0 kHz) 


300 

- 



‘Indicates JEDEC Registered Data. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - SWITCHING TIMES 




IC, COLLECTOR CURRENT (AMP) 




2N6040 thru 2N6042 PNP 
2N6043 thru 2N6045 NPN 
MJE6040 thru MJE6041 PNP 
MJE6043 thru MJE6045 NPN 


FIGURE 4 - THERMAL RESPONSE 



DUTY CYCLE, D = ti/t2 


D CURVES APPLY FOR POWER 
PULSE TRAIN SHOWN 
READ TIME AT ti 
Tj(pk) -Tc = P(pk) Ojc(t) 


0.02 0.03 0.05 


1.0 2.0 3.0 5.0 10 

t.TIME OR PULSE WIDTH (ms) 


200 300 500 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


-4^h00jus 



=Tj = 150°C 4= I - |-4 j-[ = 

EBONDING WIRE LIMITED “ — ZZZZZ 

= THERMALLY LIMITED @ Tc = 25°C 

(SINGLE PULSE) 

-SECOND BREAKDOWN LIMITED 

ecurves apply below RATEO VcE0= 

1 4 — 4 — j -2N6b40, 2N6043, MJE6040, MJE6043 

ZZ|Z2N6041, 2N6044. MJE6041, MJE6044 

^ 2N6045, MJE6045 

I 1 1 g 1 j I ^ I u 

2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VcE- COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate l^ — '^CE of the tran- 

sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj{p(<^) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) < 150°C. Tj(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 


FIGURE 6 - SMALL-SIGNAL CURRENT GAIN 


FIGURE 7 - CAPACITANCE 


EBimiM i 



200 500 1000 


0.1 0.2 0.5 1.0 2.0 


f, FREQUENCY (kHz) 


Vr, REVERSE VOLTAGE (VOLTS) 
















MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 



2N6049 


MEDIUM-POWER PNP SILICON TRANSISTOR 

. . . designed for general-purpose switching and amplifier applications 

• Excellent Safe Operating Area 

• DC Current Gain Specified to 4.0 Amperes 

• Complement to NPN Type 2N3054A 


^MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

55 

Vdc 

Collector-Emitter Voltage 

(RBE = 100n) 

VCER 

60 

Vdc 

Collector-Base Voltage 

VCB 

90 

Vdc 

Emitter-Base Voltage 

Veb 

7.0 

Vdc 

Collector Current — Continuous 

«C 



Peak 




Base Current 

•b 

2.0 

Adc 

Total Device Dissipation @ T^ = 25°C 

Pd 


Watts 

Derate above 25° 



W/°C 

Operating and Storage Junction, 

Temperature Range 

^J' ^stg 

-65 to +200 

OC 


* I hdicates JE DEC Registered Data 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

^JC 

2.33 

°C/W 



4 AMPERE 

POWER TRANSISTOR 
PNP SILICON 

55 VOLTS 
75 WATTS 



P 


- — U 






c 

i 


t 

1^ 


I 1 


SEATING PLANE 

1 

K 



s 
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il*M 
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All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-213AA 









2N6049 


^ELECTRICAL CHARACTERISTICS (Tq = 25®C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max ] 

Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 1 

VcEO(sus) 



Vdc 



55 

_ 


Collector-Emitter Sustaining Voltage (1) 

VcER<sus) 



Vdc 

dc = 100 mAdc, Rbe = 100 fl) 


60 

- 


Collector Cuttoff Current 

‘CEO 



/LtAdc 

(VcE = 30 VdC, Ir = 0) 


- 

500 


Collector Cutoff Current 

•CEX 



mAdc 

(VcE = 90 Vdc, VBE(off) = 1.5 Vdc) 


- 

1.0 


(VcE = 90 Vdc, VBE(off) = 1.5 Vdc, 


- 

6.0 


Tc = 150®C) 





Emitter Cutoff Current 

•ebo 



mAdc 

(Vbe = 7.0 Vdc, Ic = 0) 


- 

1.0 



ON CHARACTERISTICS (1) 


DC Current Gain 

hPE 



_ 

dc = 500 mAdc, VcE = 4.0 Vdc) 


25 

100 


dc = 3.0 Adc, VcE = 4.0 Vdc) 


6.0 


- 

Collector-Emitter Saturation Voltage 

Vce (sat) 



Vdc 

dc = 500 mAdc, Ib = 50 mAdc) 


- 

0.5 


dc = 4.0 Adc, Ib = 800 mAdc) 


- 

2.0 


Base-Emitter On Voltage 

VBE(on) 



Vdc 

dc = 500 mAdc, Vce = 4.0 Vdc) 


- 

1.0 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 
dc = 200 mAdc, Vcg, = 10 Vdc) 


3.0 


MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) 

Oob 

_ 

200 

pF 

Small-Signal Current Gain 

dc = 100 mAdc, Vce = 4.0 Vdc, f = 1.0 kHz) 

l^fe 

25 

180 


•Indicates JEDEC Registered Data 

(1) Pulsetest: Pulse Width <300 ms# Duty Cycle :£2.0% 





FIGURE 2 - SWITCHING TIME EQUIVALENT TEST CIRCUIT 


FIGURE 3 

- TURN-ON TIME 


TURN-ON PULSE 


Vbe(o«)— I 

APPROX l\ / 

-11 V II 1 


Vcc O- 


Rl 


Rk 

Cjd«c,b JSl 


APPROX 9.0 V 
t2 


-I 


APPROX \ 
~11V 




+ 4.0V 


ti < 15 ns 
100 < < 500 jus 

ta < 15 ns 

DUTY CYCLE —2.0% 


TURN-OFF PULSE 



0.04 0.06 0.1 0.2 0. 

IC, COLLECTOR 


.4 0.6 1.0 

CURRENT (AMP) 


3 
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2N6049 


FIGURE 4 - THERMAL RESPONSE 


::0.0i 

:^SINGLE PULSE- 


0JC(t) = r(t> 0JC 

0 JC = 2.33OC/W MAX — I I — I 

D CURVES APPLY FOR POWER I 

PULSE TRAIN SHOWN -L-J I 1 I— 

REAOTIMEATti ^ I DUTY 

Tj(pki - Tc • P|pk) ejc(t) Ut2 


0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 

t.TIME or PULSE WIDTH (ms) 


100 200 300 500 II 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


SECOND BREAKDOWN LIMITED 


BONDING WIRE LIMITED 


THERMAL LIMITATION @ Tq = 25^0 



3- 

— — r 




■■ 

■1 

■■HI 


T 

n 

7.0 

10 20 


5.0 7.0 10 20 30 40 50 6C 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(pk) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|^) < 200°C. Tj(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 


FIGURE 6 - TURN-OFF TIME 


SSili 


tf@Vcc = 10 Vdc 




0.04 0.06 0.1 


FIGURE 7 - CAPACITANCE 


IC, COLLECTOR CURRENT (AMP) 


Vr, reverse voltage (VOLTS) 












MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


PNP 

2N6050 thru 2N6052 

NPN 

2N6057 thru 2N6059 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low frequency 
switching applications. 

• High DC Current Gain — 

hpE = 3500 (Typ) @ Ic = 5 0 Adc 

• Collector-Emitter Sustaining Voltage — @ 100 mA 

VcEO(sus) = 60 Vdc (Min) - 2N6050, 2N6057 
80 Vdc (Min) - 2N6051, 2N6058 
100 Vdc (Min) - 2N6052, 2N6059 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 


♦MAXIMUM RATINGS 


Rating 

Symbol 

2N6050 

2N6057 

2N6051 

2N6058 

2N6052 

2N6059 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

100 

Vdc 

Collector-Base Voltage 

VCB 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

Veb 

^ 5.0 ► 

Vdc 

Collector Current — Continuous 

'c 


— 12 — 


Adc 

Peak 



— 20 — 



Base Current 

•b 

^ 0.2 ► 

Adc 

Total Device Dissipation 

Pd 


150 — 


Watts 

@Tc = 25°C 






Derate above 25°C 



— 0.857 - 


W/OC 

Operating and Storage Junction 

Tj, Tstg 

65to+200OC ► 

OC 

Temperature Range 







THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Rating 

Unit 

Thermal Resistance, Junction to Case 

P^^JC 

1.17 

OC/W 


‘Indicates JEDEC Registered Data 



DARLINGTON 
12 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 


60-80-100 VOLTS 
150 WATTS 




STYLE 1 

PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


DIM 

MILUN 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 


A 

_ 

39.37 

_ 

1.550 

B 

— 

21.08 

_ 

0.830 

C 

6,35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 


E 

1.40 

1.78 

0.055 

0.070 

F 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 

BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4,19 

0.151 

■3^1 

R 

— 

26.67 

_ 

1.050 

U 

2.54 

3.05 

0.100 

0.120 

V 

3.81 

4.19 

0,151 

0.165 


CASE 1-04 
TO-204AA 

NOTES: 

1. ALL RULES AND NOTES ASSOCIATED WITH 
REFERENCED TO-3 OUTLINE SHALL APPLY. 
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2N6050 thru 2N6052 PNP/2N6057 thru 2N6059 NPN 




•ELECTRICAL CHARACTERISTICS (Tc = 25®C unless Otherwise noted) 

Characteristic | Symbol j Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage H) 
dc = lOOmAdc, Ib =0) 

2N6050, 2N6057 
2N6051, 2N6058 
2N6052, 2N6059 

VcEO(sus) 

60 

80 

100 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

(VcE = 30 Vdc, Ib = 0) 

2N6050, 2N6057 


- 

1.0 


(VcE =40Vdc, Ib =0) 

2N6051, 2N6058 


- 

1.0 


(VcE = 50 Vdc, Ib = 0) 

2N6052, 2N6059 


- 

1.0 


Collector Cutoff Current 


•CEX 



mAdc 

(VcE = Rated VceO* VBE(off) 1-5 Vdc) 



- 

0.5 


(VcE = Rated VcEO' VBE(off) = 1-5 Vdc, Tc = 

IBO^C) 



5.0 


Emitter Cutoff Current 


•ebo 

- 

2.0 

mAdc 

(YbE = 5 0 Vdc, lc = 0) 







ON CHARACTERISTICS (D 


DC Current Gain 

dc = 6.0 Adc, VcE = 3.0 Vdc) 

(IC= 12Adc, VcE = 3.0 Vdc) 

hpE 

750 

100 

18,000 


Collector-Emitter Saturation Volatage 
dC = 6.0 Adc, Ib = 24 mAdc) 
dc = 12 Adc, Ib = 120 mAdc) 

VcE{sat) 

- 


Vdc 

Base-Emitter Saturation Voltage 
dc* 12Adc, Ib = 120mAdc) 

VBE(sat) 


4.0 

Vdc 

Base-Emitter On Voltage 

dc = 6.0 Adc, VcE =3.0 Vdc) 

VBE(on) 

- 

2.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Magnitude of Common Emitter Small-Signal Short Circuit Forward 

Current Transfer Ratio 

dc = 5.0 Adc, VcE = 3.0 Vdc, f = 1 .0 MHz) 

|hfe| 

4.0 


MHz 

Output Capacitance 2N6050/2N6052 

(Vcb = 10 Vdc, Ie = 0, f = 0.1 MHz) 2N6057/2N6059 

Cob 

- 

500 

300 

pF 

Small-Signal Current Gain 

hfe 

300 = = 


dc = 5.0 Adc, VcE = 3.0 Vdc, f = 1.0 kHz) 


300 
















2N6050 thru 2N6052 PNP/2N6057 thru 2N6059 NPN 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (msl 


ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 5 - 2N6050, 2N6057 



10 20 30 50 70 100 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - 2N6051, 2N6058 



VcE, COLLECTOR EMITTER VOLTAGE (VOLTS) 


FIGURE 7 - 2N6052, 2N6059 



VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a transistor: average junction temperature and second breakdown. Safe operating 
area curves indicate 1^ — Vqe limits of the transistor that must be observed for reliable operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 5, band 7 is based on Tj(p|^) = 200°C; Tq is variable depending on conditions. Second breakdown pulse limits are 
valid for duty cycles to 10% provided Tj(pk) ^ 200°C Tj(p(^) may be calculated from the data in Figure 4. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less than the limitations imposed by second breakdown. 


FIGURE 8 - SMALL-SIGNAL CURRENT GAIN FIGURE 9 - CAPACITANCE 



f, FREQUENCY (kHz) Vr, REVERSE VOLTAGE (VOLTS) 
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V, VOLTAGE (VOLTS) VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 







MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N6053, 2N6054 
2N6298, 2N6299 PNP 
2N6055, 2N6056 
2N6300, 2N6301 NPN 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low frequency switching 
applications. 

• High DC Current Gain — 

hpE = 3000 (Typ) @ Ic = 4.0 Adc 

• Col lector- Emitter Sustaining Voltage - @ 100 mA 

VcEO(sus) = 60 Vdc (Min) - 2N6053, 2N6055, 2N6298, 2N6300 
= 80 Vdc (Min) - 2N6054, 2N6056, 2N6299, 2N6301 

• Low Collector- Emitter Saturation Voltage — 

VcE(sat) = 2.0 Vdc (Max) @ Iq = 4.0 Adc 
= 3.0 Vdc (Max) @lc = 8.0Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 


♦MAXIMUM RATINGS 




2N6053 

2N6054 




2N6055 

2N6056 




2N6298 

2N6299 


Rating 

Symbol 

2N6300 

2N6301 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base Voltage 

VCB 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

■c 

8.0 

Adc 

Peak 


16 


Base Current 

•b 

120 

mAdc 



2N6053 

2N6298 




2N6054 

2N6299 




2N6055 

2N6300 




2N6056 

2N6301 


Total Device Dissipation @ Tq = 25°C 

Pd 

100 

75 

Watts 

Derate above 25°C 


0.571 

0.428 

W/°C 

Operating and Storage Junction Temperature 

Tj'Tstg 

-65 to +200 

oc 


Range 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

2N6053 

2N6054 

2N6055 

2N6056 

2N6298 

2N6299 

2N6300 

2N630t 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.75 

2.33 

°C/W 


*1 ndicates JEDEC Registered Data. 


FIGURE 1 - POWER DERATING 



DARLINGTON 
8 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 
60-80 VOLTS 
75,1 00 WATTS 
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2N6053, 21M6054, 2N6298, 2N6299 PNP, 
2N6055, 2N6056, 2N6300, 2N6301 NPN 


•ELECTRICAL CHARACTERISTICS (Tc “ 25°C unlessotherwise noted) 

I Characteristic 1 Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage d) 

dc = 100 mAdc, Ib = 0) 2N6053, 2N6055, 2N6298, 2N6300 

2N6054, 2N6056, 2N6299, 2N6301 

VcEO(sus) 

60 

80 

1 1 

Vdc 

Collector Cutoff Current 

•CEO 



mAdc 

(VcE = 30 Vdc. Ib = 0) 2N6053, 2N6055, 2N6298, 2N6300 


- 

0.5 


( VcE = 40 Vdc, Ib = 0) 2N6054, 2N6056, 2N6299, 2N6301 


- 

0.5 


Collector Cutoff Current 

'CEX 



mAdc 

(Vqe = Rated Vcb. VBE(off) = ^ -5 Vdd 


- 

0.5 


( VcE = Rated Vqb. VsEloff) = 1-5 Vdc, Tq = ISO^C) 


- 

5.0 


Emitter Cutoff Current 

•ebo 



mAdc 

(Vbe = 5 0 Vdc, Ic = 0) 


, — 




ON CHARACTER ISTiCSd) 


DC Current Gain 

(1 C = 4.0 Adc, VcE = 3.0 Vdc) 
dc = 8.0 Adc, VcE = 3.0 Vdc) 

hpE 

750 

100 

18000 


Collector-Emitter Saturation Voltage 

VCEIsat) 



Vdc 

dC = 4.0Adc. Ib = lOmAdc) 


- 

2.0 


dc = 8.0 Adc, Ib = 80 mAdc) 


- 

3.0 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dc = 8.0 Adc, Ib = 80 mAdc) 


— 

4.0 


Base-Emitter On Voltage 

VBE(on) 



Vdc 

dc = 4.0 Adc. VcE = 3.0 Vdc) 


- 

2.8 



DYNAMIC CHARACTER ISTICS 


Magnitude of Common Emitter Small-Signal Short Circuit Current Transfer Ratio 

dC = 3.0 Adc, VcE = 3.0 Vdc, f = 1.0 MHz) 

Output Capacitance 

( VcB = 1 0 Vdc, I E = 0, f = 0. 1 M Hz) 2N6053, 2N6054, 2N6298, 2N6299 

2N6055, 2N6056, 2N6300, 2N6301 


Small-Signal Current Gain 

dC = 3.0 Adc, Vqe = 3.0 Vdc, f =1.0 kHz) 


* I ndicates JEDEC Registered Data. 

(1) PulseTest; Pulse Width = 300 Ms, Duty Cycle = 2.0 %. 



FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


RB & Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
0i, MUST BE FAST RECOVERY TYPES, e.g., 

MBD5300 USED ABOVE 1b * 100 mA 
MSD6100 USED BELOW Ib » 100 mA 


FIGURE 3 - SWITCHING TIMES 



tr, tf < 10 ns 
DUTY CYCLE = 1.0% 


tor td and tr, Di is disconnected 
and V 2 = 0 


For NPN test circuit reverse diode, polarities and input pulses. 




VCC = 30V 

IC/Ib-250 1 — 15= 

0.1 — I ^ ° ^ - 

0 07 2N6053, 2N6054, 2N6298, 2N6299(Spr 

0 05 -r 2N6055, 2N6056, 2N6300, 2N6301 (NPN)i- 

■ 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 

In, COLLECTOR CURRENT (AMP) 















































2N6053, 2IM6054, 2N6298, 2N6299 PNP, 
2N6055, 2N6056, 2N6300, 2N6301 NPN 


FIGURE 4 - THERMAL RESPONSE 



D CURVES APPLY FOR POWER 


PULSE TRAIN SHOWN 


READ TIME AT ti 


Tjlnkl -Tc = P(Dkl 0JC(t) 



0.2 0.3 0.5 0.7 1.0 


2.0 3.0 5.0 7.0 10 


20 30 50 70 100 200 300 500 700 1000 


ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 5 - 2N6053 thru 2N6056 


FIGURE 6 - 2N6298 thru 2N6301 







-^Tj = 200OC^ 


SECOND BREAKDOWN LIMITS 

BONDING WIRE LIMIT - 

• THERMALLY LIMITED i 

) U@Tc = 250C (SINGLE PULSE) - 


u 


-Tj = 200OC . 

I I [ ] | -|}j I 

SECOND BREAKDOWN LIMIT 

- BONDING WIRE LIMIT 

THERMALLY LIMITED += 

^ — @Tc = 250c (SINGLE PULSE)- 


2N6053,2N6055 - 
N2N6054, 2N6056E 


2.0 3.0 5.0 7.0 10 


20 30 50 70 100 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Omits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figures 5 and 6 is based on Tj(p(^) = 200°C; Tq is 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj(p|^) < 200°C. Tj(pk) 
may be calculated from the data in Figure 4. At high case tempera- 
tures, thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second breakdown. 


FIGURE 7 - SMALL-SIGNAL CURRENT GAIN 


FIGURE 8 - CAPACITANCE 



f, FREQUENCY (kHz) 


Vr, REVERSE VOLTAGE (VOLTS) 













MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general-purpose amplifier and switching 
applications. 

• DC Current Gain Specified to 7.0 Amperes 

hpE = 30-150 @\q = 3.0 Adc - 2N61 1 1, 2N6288 
= 2.3 (Min) @ Iq = 7.0 Adc - All Devices 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 30 Vdc (Min) - .2N61 1 1, 2N6288 
= 50 Vdc (Min) -2N6109 
= 70 Vdc (Min) - 2N6107. 2N6292 

• High Current Gain - Bandwidth Product 

f j = 4.0 MHz (Min) @ Iq = 500 mAdc - 2N6288, 90. 92 
= 10 MHz (Min) @ Iq =f 500 mAdc - 2N6107, 09, 1 1 

• TO-220AB Compact Package 

• TO-213AA Leadform Also Available 


*MAXIMUM RATINGS 


Rating 


2N6111 

2N6288 

2N6109 


Unit 

Collector-Emitter Voltage 

VcEO 

30 

50 

70 

Vdc 

Collector-Base Voltage 

VCB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 
Peak 

•c 

-m 7.0 ► 

10 ► 

Adc 

Base Current 

■b 

3.0 ► 

Adc 

Total Power Dissipation 
@ Tc = 25 OC 

Derate above 25°C 

pd 


Watts 

W/°C 

0.32 ► 

Operating and Storage Junction 
Temperature Range 

Tstg 

-w €5 to +150 ► 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

3.125 

0 

0 


^Indicates JEDEC Registered Data 





tiini2N60S9 


2N6107, 2N6109 
2N6111 

NPN 

2N6288, 2N6292 


7 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

30 - 50 -70 VOLTS 
40 WATTS 




NOTES; 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION; INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-04 



ynuM 

ETERS 

m 

m 

DM 

MM 

MAX 

m 

MAX 


14.48 

15.75 

0.570 

0.620 

B 

9.66 

10.28 

0.380 

0.405 

c 

4.07 

4.82 

0.160 

0.190 

D 

0.64 

0.88 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

6 

2.42 

2.66 

0.095 

0.105 

H 

2.80 

3.93 

0.110 

0.155 

J 

0.46 

0.71 

0.018 

0.028 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.15 

1.39 

0.045 

0.055 


4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0.110 

s 

1.15 

1.39 

0.045 

0.055 

T 

5.97 

6.47 

0.235 

0.255 

U 

0.00 

1.27 

0.000 

0.050 

V 

1.15 


0.045 

— 

z 


2.04 

- 

0.060 


TO-220AB 
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2N6107, 2N6109, 2N6111 PNP, 2N6288, 2N6292 NPN 


*ELECTRICAL CHARACTERISTICS (Tg » 2S°C unless othetwise noted) 

Characf rirtic ^ Symbol | Min j Max | Unrt 


OFFCHARACTERISTtCS 


Collector-Emitter Sustaining Voltage (1) 

VcEO(sus) 



Vdc 

(IC- lOOmAdc, Ib* 0) 2N61 1 1 , 2N6288 


30 

- 


2N6109 


50 



2N6107, 2N6292 


70 

- 


Collector Cutoff Current 

•CEO 



mAdc 

(VcE“20Vdc, Ib = 0) 2N61 1 1 . 2N6288 


- 

1.0 


(VcE “40 Vdc, Ib 2N6109 


- 

1.0 


(VcE ” 60 Vdc, Ib = 0) 2N6107, 2N6292 


- 

r.o 


Collector Cutoff Current 

•CEX 



MAdc 

(VcE = 40 Vdc, VEB(off) = ^ -6 Vdc) 2N61 1 1 , 2N6288 


- 

100 


(VcE =60Vdc,VEB(off) = 1-6 Vdc) 2N6109 


- 

100 


(VcE = 80 Vdc. VEB(off) = ^ -5 Vdc) 2N6107, 2N6292 


- 

100 


(VcE = 30 Vdc, VEB(off) = 1-5 Vdc. Tc = 150®C) 2N61 1 1 , 2N6288 


- 

2.0 

mAdc 

(VcE = 50 Vdc, VEB(off) = 1 -5 Vdc, Tq = 150°C) 2N6109 


— 

2.0 


(VcE = 70 Vdc. Veb (off) = 1 .5 Vdc, Tq = 150OC) 2N6107, 2N6292 


- 

2.0 


Emitter Cutoff Current 

'EBO I 

- 

1.0 

mAdc 

(Vbe “5.0 Vdc, lc = 0) 


^ 1 




ON CHARACTERISTICS (1 ) 


DC Current Gain 

(IC = 2.0 Adc, VcE = 4.0 Vdc) 2N6107, 2N6292 

(IC = 2.5 Adc. VcE = 4.0 Vdc) 2N6109 

(IC = 3.0 Adc, VcE = 4.0 Vdc) 2N61 1 1 , 2N6288 

dC = 7 .0 Adc, VcE = 4.0 Vdc) All Devices 

hpE 

30 

30 

30 

2.3 

150 

150 

150 


Collector-Emitter Saturation Voltage 
(IC = 7.0 Adc, Ib = 3.0 Adc) 

VcE(sat) 

~ 

3.5 

Vdc 

Base-Emitter On Voltage 

dC = 7.0 Adc, VcE = 4.0 Vdc) 

VBE(on) 

- 

3.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product (2) 

dC = 500 mAdc, Vqe = 4.0 Vdc, f^est = ^ O M>Hz) 

2N6288, 92 

2N6107, 09, 11 

It 

4.0 

10 

- 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0. f = 1 .0 MHz) 

Oob 

- 

250 

PF 

Small-Signal Current Gain 

dc = 0.5 Adc, VcE = 4.0 Vdc, f = 50 kHz) 

^fe 

20 

- 

. — 


*lndicates JEDEC Registered Data. 

(DPulse Test: Pulse Width < 300 ^s, Duty Cycle < 2,0%. 
(2)fT = I hfe I • ftest 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 



tr, tf^LlO ns 
DUTY CYCLE = 1.0% 


vcc 

+30 V 



RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg; 
MBD5300 USED ABOVE Ib =«100 mA 
MSD6100 USED BELOW Ib MOO mA 


FIGURE 3 - TURN ON TIME 



3-162 





Ic, COLLECTOR CURRENT (Amp) TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


2N6107, 2N6109, 2N6111 PNP, 2N6288, 2N6292 NPN 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE I'fDitsof the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj{pk) = 150°C; T^ is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) < 150®C. Tj(p|<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 



0.07 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 7.0 

Ic, COLLECTOR CURRENT (AMP) 


FIGURE 7 - CAPACITANCE 



3 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 



NPN 

2N6121, 2N6122 
2N6123 


PNP 

2N6124, 2N6125 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in power amplifier and switching circuits, — 
packaged in the compact TO-220AB outline. TO-66 leadform also 
available. 


•MAXIMUM RATINGS 


Rating 

Symbol 

2N6121 

2N6124 

2N6122 

2N6125 

2N6123 

Unit 

Collector-Emitter Voltage 

H9531 

45 

60 

80 

Vdc 

Collector-Base Voltage 

VCB 

45 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 


Vdc 


Collector Current 

•c 


Adc 


Base Current 

•b 

^ 1.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

Pd 



320 ► 

Operating and Storage Junction 
Temperature Range 

^J, ^stg 


HU 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

3.12 

°C/W 


•ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic Symbol Min Max Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(IC = 0.1 Adc, Ib = 0) 

2N6121, 2N6124 
2N6122,2N6125 
2N6123 

VcEO(sus) 

45 

60 

80 

- 

Vdc 

Collector Cutoff Current 


■CEO 



mAdc 

(Vqe = 45 Vdc, Ib = 0) 

2N6121,2N6124 


- 

1.0 


(Vce= 60 Vdc, Ib=0) 

2N6122, 2N6125 


- 

1.0 


(Vce = 80 Vdc, Ib = 0) 

2N6123 


- 

1.0 


Collector Cutoff Current 


'CEX 



mAdc 

(VcE = 45 Vdc, VEB(off) = 1-5 Vdc) 

2N6121, 2N6124 


- 

0.1 


(Vqb = 60 Vdc, VEB(off) "" Vdc) 

2N6122, 2N6125 


- 

0.1 


(VcE = 80 Vdc, VEB(off) = 1-5 Vdc) 

2N6123 


- 

0.1 


(VcE = 45 Vdc, VEB(off) = 1-5 Vdc, 

2N6121, 2N6124 


- 

2.0 


Tq = 125°C) 






(Vqe = 60 Vdc, VEB(off) = l-S Vdc, 

2N6122, 2N6125 


- 

2.0 


Tq = 125°C) 






(Vqe = 80 Vdc, VEB(off) = l-S Vdc, 

2N6123, 2N6126 


- 

2.0 


Tq = I 25OC) 






Collector Cutoff Current 


•cbo 



mAdc 

(Vcb = 45 Vdc, Ie = 0) 

2N6121.2N6124 


- 

0.1 


(VcB = 60Vdc, lE =0) 

2N6122, 2N6125 


_ 

0.1 


(Vcb = 80 Vdc, lE = 0) 

2N6123 


- 

0.1 


Emitter Cutoff Current 


•ebo 

_ 

1.0 

mAdc 

(Vbe = 5.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain (1) 

(IC = 1.5Adc, VcE = 2.0Vdc) 2N6126, 2N6124 

2N6122, 2N6125 
2N6123 

dc = 4.0 Adc, VcE = 2.0 Vdc) 2N6121, 2N6124 

2N6122, 2N6125 
2N6123 

hpE 

25 

25 

20 

10 

10 

7.0 

100 

100 

80 


Collector-Emitter Saturation Voltage (1) 

(Iq = 1.5 Adc, Ib = 0.15 Adc) 
dc =4.0 Adc, Ib = 1.0 Adc) 

VcE(sat) 

- 

0.6 

1.4 

Vdc 

Base-Emitter On Voltage (1) 
dc = 1.5 Adc, VcE = 2.0 Vdc) 

VBE(on) 

- 

1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

dc = 0.1 Adc. VcE = 2.0 Vdc, f = 1 .0 kHz) 

^fe 

25 

- 

- 

Current-Gain-Bandwidth Product 

dc = 1.0 Adc, VcE = 4.0 Vdc, f = 1.0 MHz) 

b- 

2.5 

- 

MHz 


(1 )puise Test: Pulse Width ^300 jus. Duty Cycle ^2.0%. 
* Indicates JEDEC Registered Data. 


4 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

45-80 VOLTS 
40 WATTS 




NOTES; 

1. DIMENSIONING AND TOLERANCING PER ANSI 
YU.5M, 1982. 

2. CONTROLLING DIMENSION . INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-04 
TO-220AB 


DM 

MUJM 

ETERS 

MO 

m 

MM 

MAX 

MM 

MAX 

A 

14.48 

15.75 

0.570 

0.620 

g 

9.66 

10.28 

0.380 

0.405 

c 

4.07 

4.82 

0.160 

0.190 

D 

0.64 

0.88 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

G 

2.42 

2.66 

0.095 

0.105 

H 

2.80 

3.93 

0.110 

0.155 


0.46 

0.71 

0.018 

0.028 

g 

12.70 

14.27 

0.500 

0.562 

1 

1.15 

1.39 

0.045 

0.055 

m 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

g 

2.04 

2.79 

0.080 

0.110 


1.15 

1.39 

0.045 

0.055 

~T~ 

5.97 

6.47 

0.235 

0.255 

[} 

aw 1 

1.27 

0.000 

0.050 

V 

1.15 

— 

0.045 


z 

- 

2.04 

- 

0.080 
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VOLTAGE (VOLTS) VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE, DC CURRENT GAIN (NORMALIZED) 


2N6121, 2N6122, 2N6123, NPN, 
2N6124, 2N6125, PNP 



0.004 0.007 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 4.0 


IC, COLLECTOR CURRENT (AMP) 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 

IB, BASE CURRENT (mA) 




0.005 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.04.0 0.005 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 4.0 

IC, COLLECTOR CURRENT (AMP) IC. COLLECTOR CURRENT (AMP) 
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t, TIME M CAPACITANCE (pF) EXTERNAL BASE-EMITTER RESISTANCE (OHMS) 


FIGURE 6 - EFFECTS OF BASE-EMITTER RESISTANCE 



20 40 60 80 100 120 140 160 

Tj, JUNCTION TEMPERATURE (“0 


FIGURE 8 - CAPACITANCE 



FIGURE 10 - TURN-OFF TIME 






2N6121, 2N6122, 2N6123, NPN, 
2N6124, 2N6125, PNP 


RATING AND THERMAL DATA 


FIGURE 11 - ACTIVE REGION SAFE OPERATING AREA 



- Secondary breakdow 

1,0 Thermal limit at Tc = 25°C 

— — Bonding wire limit 

0 / I MM W;- 

Curves apply below rated VcEO ~ 


There are two limitations on the power handling ability of a 
transistor: peak junction temperature and second breakdown. 
Safe operating area curves indicate Ic'^CE li^nitsof the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 1 is based on Tj(pk) = 1 50°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj{pk) ^ 150°C. Tj(pk) may be 
calculated from the data in Figure 12. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 12 - THERMAL RESPONSE 





MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


2N6190 

2N6191 

2N6193 


MEDIUM-POWER PIMP SILICON TRANSISTORS 

. . . designed for switching and wide band amplifier applications. 

• Low Co I lector- Emitter Saturation Voltage — 

VcE(sat) = 1-2 Vdc (Max) @ Ic = 5.0 Amp 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact TO-205AD Case for Critical Space Limited 

Applications 

• Complement to NPN 2N5336 thru 2N5339 


5 AMPERE 

POWER Transistors 
PNP SILICON 


80-100 VOLTS 
10 WATTS 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N6190 

2N6191 

2N6193 

mn 

Collector-Emitter Voltage 

VCEO 

80 

100 


Col lector- Base Voltage 

VCB 

80 



Emitter-Base Voltage 

veb 

6.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

Base Current 

•b 

1.0 

Adc 

Total Device Dissipation @ T^ = 25°C 

Pd 

10 

Watts 

Derate above 25°C 


57.1 

mW/OC 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-65 to +200 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

®JC 

17.5 

°C/W 



* Indicates JEDEC Registered Data. 

FIGURE 1 - POWER-TEMPERATURE DERATING 




Jl — D 



\ 


STYLE 1; 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 



IZlHIOl'-liH 

■CQ 

HSi 

gw 






liUHiii 

iUKMH 

liUHil 

HEH 




iUKKM 

H9 



■ilKIil 

■ifj:M 

HOB 

■tHiU 


■iIilH 


H9I 



gililia 


HOB 

KEna 


■iTiin 




l*ltli 

■ilHil 

lifUig 

Id 

■iMll 


EMI 


HOI 

WESEi 

Kvm 


■nnnig 

mm 


bsh 




■»W 

bsh 

BKiil 






omi 

Si 



I^BI 


BEB 

HEE 

iim 


HEB 

KB 

BHW 


gilTilil 

bb 


All JEDEC dimensions and notes apply. 

CASE 79-02 
TO-205AD 
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2N6190, 2N6191, 2N6193 


* ELECTRICAL CHARACTERISTICS (Tq == 25°C unless otherwise noted) 


I Characteristic J Symbol j Min j Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage <1) 

(IC = 50mAdc, Ib = 0) 

2N6190, 2N6191 
2N6193 

VcEOIsos) 

80 

100 

- 

Vdc 

Collector Cutoff Current 


'CEO 



MAdc 

(VcE = 75 Vdc, Ib = 0) 

2N6190, 2N6191 


- 

100 


<VcE = 90 Vdc, Ib = 01 

2N6193 


- 

100 


Collector Cutoff Current 


•CEX 



uAdc 

(VcE = 75 Vdc, VBE(off) = 15 Vdc) 

2N6190, 2N6191 


- 

10 


(VcE = 90 Vdc, VBE(off) = 1-5 Vdc) 

2N6193 


- 

10 


(VcE = 75 Vdc, VBE(off) = 1-5 Vdc, 

2N6190, 2N6191 


- 

1.0 

mAdc 

Tc = 150°C) 






(VcE = 90 Vdc, VBE(off) = 1-5 Vdc, 

2N6193 


- 

1.0 


Tc= 150°C) 






Collector Cutoff Current 


•CBO 



MAdc 

(VcB = 80Vdc, lE = 0) 

2N6190,2N6191 


- 

10 


(VcB= lOOVdc, lE =0) 

2N6193 


- 

10 


Emitter Cutoff Current 


•ebo 



MAdc 

(Vbe = 6.0 Vdc, Ic = 0) 



- 

100 



ON CHARACTERISTICS (1) 


DC Current Gain 

dC = 500 mAdc, VcE = 2.0 Vdc) 2N6190 

2N6191, 2N6193 

(IC = 2.0Adc, VcE = 2.0Vdc) 2N6190 

2N6191, 2N6193 

(IC = 5.0Adc, V(iE =2.0Vdc) 2N6190 

2N6191, 2N6193 

'’FE 

30 

60 

30 

60 

20 

40 

120 

240 


Collector-Emitter Saturation Voltage j 

VCE(sat) 



Vdc 

dc = 2.0 Adc, Ib = 0.2 Add j 


- 

0.7 


dc = 5.0Adc, lB=0.5Adc) I 


- 

1.2 


Base-Emitter Saturation Voltage 1 

VBE(sat) 



Vdc 

dC = 2.0Adc, lB = 0.2Adc) I 


- 

1.2 


dc = 5.0Adc, lB=0.5Adc) 


- 

1.8 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 
dc = 0.5 Adc, VcE = 10 Vdc, fjest = 10 MHz) 

^T 

30 


MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cob 

_ 

300 

pF 

Input Capacitance 

(Vbe = 2.0 Vdc, Ic = 0, f = 100 kHz) 

Cib 

_ 

1250 



SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = AO Vdc, Vbe (off) = 3 0 Vdc, 

Ic = 2.0 Adc, Ibi = 0.2 Adc) 

td 

- 

100 

ns 

Rise Time 

Tf 

- 

TOO 

ns 

Storage Time 

(Vcc = AO Vdc, Ic = 2.0 Adc, 

•bI = 'B2 “ 0.2 Adc) 

ts 

- 

2.0 

MS 

Fall Time 

*f 


ZOO 

ns 


'Indicates JEOEC Ragittared Data. 

(1) Pulse Tast: Pulsa Width < 300 ms, Duty Cycla'5'2.0% 

(2) fj = • ^’fal • ^Test 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 




0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

IC. COLLECTOR CURRENT (AMP) 
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Ic, COLLECTOR CURRENT (AMP) NORMALIZED EFFECTIVE TRANSIENT 


2N6190, 2N6191, 2N6193 


FIGURE 4 - THERMAL RESPONSE 



t, TIME OR PULSE WIDTH (ms) 


3 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor : average junction temperature and second breakdown. 
Safe operating area curves indicate Ic - VcE limits of the tran- 
sistor that must be observed for reliable oi^eration; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based on Tj(pk) = 200°C; Tc is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj(p|() < 200®C. 
Tj(pk) may be calculated from the data in Figure 4. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitaitons impo^ by 
second breakdown. 


FIGURE 6 - TURN-OFF TIME 




1 -. L ...L.1 ,1. 1,1 liU L„L L..L... 

1.0 2.0 3.0 5.0 10 20 30 50 100 


Vr, reverse VOLTAGE (VOLTS) 


s 







MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N6211 

2N6212 

2N6213 


MEDIUM-POWER HIGH-VOLTAGE 
PNP POWER TRANSISTORS 

. . . designed for high-speed switching and I inear amplifier applications 
for high-voltage operational amplifiers, switching regulators, convert- 
ers, inverters, deflection stages and high fidelity amplifiers. 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 225 to 350 Vdc @ Iq = 200 mAdc 

• Second Breakdown Collector Current — 

Is/b = 875 mAdc @ VcE = 40 Vdc 

• tf = 0.6 jUs Resistive Fall Time 

• Usable DC Current Gain to 2.0 Adc 


2 AMPERE 

POWER TRANSISTORS 
PNP SILICON 

225-350 VOLTS 
35 WATTS 



All JEDEC Oimemiontanfl and Notts Apply. 
CASE 80-02 
TO-213AA 


— — Bonding Wire Limit V — |- j - 

- — — Thermal Limit ^ V I i 

(Single Pulse) : 

— — Second Breakdown Limit J ■ - 

iiz:zizi:zii: 2 N 6212 ^ 

~2N6213t-~ '■ 

20 50 100 200 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitationt on the powerhandling ability of 
a transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic"Vce limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj(p|() ■> 200; Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. (See 
Figures). 
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2N6211, 2N6212, 2N6213 


ELECTRICAL CHARACTERISTICS (Tq » 25°C unless otherwise noted) 

Characteriitic | Symbol | Min | Max | Unit ( 


OFF CHARACTERISTICS 


* Collector-Emitter Sustaining Voltage (1 ) 
dc »200mAdc. Ib =0) 

2N6211 

2N6212 

2N6213 

VcEO(sus) 

225 

300 

350 

- 

Vdc 

*Collector-Emitter Sustaining Voltage 


VcEX(sus) 



Vdc 

dC “ 200 mA. Vbe = -1 .5 V, L = 10 mH) 

2N6211 


275 

- 



2N6212 


350 

- 



2N6213 


400 

- 


♦Collector-Emitter Sustaining Voltage (1) 


VCER(sus) 



Vdc 

dc * 200 mA, Ib ® 0, Rbe “ 50 fl) 

2N6211 


250 

- 



2N6212 


325 

- 



2N6213 


375 

- 


♦Emitter-Base Breakdown Voltage (1) 


vebo 



Vdc 

(Ie =05 mAdc, Ic “0) 

2N6212/13 



- 


(Ie * 1.0 mAdc, Ic *0) 

2N621 1 


HIQglU 

- 


♦Collector Cutoff Current 


•CEV 



mAdc 

(VcE = 250 Vdc, VBE(off) “ 1 -5 Vdc. Tq “ 25®C) 




0.5 


(Tc = 100OC) 


1 


5.0 


(VcE “ 315 Vdc, VBE(off) “ 1 -5 Vdc, Jq “ 250C) 




0.5 


(Tc “ lOO^C) 




5.0 


(VcE “ 360 Vdc, Vbe (off) “ 1 -5 Vdc, Jq = 250C) 




0.5 


j (Tc = lOOOC) 




5.0 


Collector Cutoff Current 

All Types 

•CEO 

- 

5.0 

mAdc 

(VcE“150 Vdc, Ib“0) 






♦Emitter Cutoff Current 


•ebo 



mAdc 

(Veb “ 6.0 Vdc. Ic “ 0) 

2N6211 1 

, 


1.0 



2N6212 



0.5 



2N6213 


HIBil 

0.5 



*ON CHARACTERISTICS (1) 


DC Current Gain 


hpE 



_ 

dc “ 1 .0 Adc, VcE “ 2.8 Vdc) 

2N6211 


10 

100 


dc * 1 .0 Adc, VcE “ 3.2 Vdc) 

2N6212 


10 



dc “ 1 .0 Adc, VcE “ 4.0 Vdc) 

2N6213 


10 

I?® 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

dc - 1 .0 Adc, Ib “125 mAdc) 

2N6211 


- 




2N6212 


- 




2N6213 


- ' 



Base-Emitter Saturation Voltage 

AH Types 

VBE(sat) 

- 

1.4 

Vdc 

dc * 1-0 Adc, Ib “ 125 mAdc) 







DYNAMIC CHARACTERISTICS 


♦Current Gain— Bandwidth Product (2) 

dc “ 200 mAdc. VcE " 10 Vdc. ftest “ 5.0 MHz) 


20 

- 

MHz 

Output Capacitance (Vcb “10 Vdc. Ie “ 0, f - 1 .0 MHz) 

Cob 

- 

220 

PF 


♦SECOND BREAKDOWN 


♦Second Breakdown Collector Current with Base Forward Biased 
t » 1 .0 s (non-repetitive) (Vce “ 40 Vdc) 

•s/b 

0.875 

- 

Adc 

♦SWITCHING CHARACTERISTICS 

Rise Time 

(Vce “ 200 Vdc. Ic • 1 .0 Adc, 

•b 1 * *02 “ 0.125 Adc) 

tr 

- 

0.6 

MS 

Storage Time 

ts 

- 

2.5 

MS 

Fall Time 

tf 

- 

0.6 

MS 


♦Indicates JEOEC Ragistered Data. 

(1 ) Pulse Test: Pulse Width < 300 ms. Duty Cycle < 2.0% 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


Input: Hewlett-Packard 
Model No. 214A, 
or equivalent 


»/bB-+ 6 Vf 


I )f‘^ I '^Nr— 

■—ioomf ^B* 260 n 


> ^ IOmF 


# WV- 

27 n 
1 vw— 
50 0 



Output to Oscilloscope 
(Tektronix Model No. 543A, 
or equivalent) 



Input from Pulse Generator 
(Pulse Duration * 20 n*. 
Rep. Rate - 200 Hz) 


*Adiust Rb for 132 Rc *0 
AIbi and 132 measured with Tektronix Current 
Probe P6019 and Type 134 Amplifier, or equivalent 
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IB, BASE CURRENT (nA) IC. COLLECTOR CURRENT (nA) hpE, OC CURRENT GAIN 


2IM6211,2N6212, 2N6213 










MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N6233 

2N6235 


HIGH VOLTAGE NPN SILICON TRANSISTORS 

. . . useful for high-voltage medium power applications such as 
switching regulators. 


High Collector-Emitter Sustaining Voltage — 
VcEO(sus) = 225 Vdc - 2N6233 
325 Vdc - 2N6235 

DC Current Gain — hpE = 25 to 125 ^ IC = 10 Adc 
Low Collector-Emitter Saturation Voltage 
VcE(sat) = 0.5 Vdc (Max) @ Iq = 1 -0 Adc 
High Frequency Response — fj = 20 MHz (Min) 
FastSwitchingTimes@1.0Adc — 
tr = 0.5 MS (Max) 
ts = 3.5 MS (Max) 
tf = 0.5 MS (Max) 


*MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 


Collector-Base Voltage 
Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Total Device Dissipation @ Tq = 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

225,275,325 VOLTS 
50 WATTS 












2N6233, 2N6235 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol ) Min | Max | Unit" 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
dC = 20 mAdc, Ib = 0) 

2N6233 

2N6235 

VcEO(sus) 

225 

325 


Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(VcE = 225, Ib = 0) 

2N6233 


— 

1.0 


(VcE = 325, Ib = 0) 

2N6235 


— 

1.0 


Collector Cutoff Current 


•CEX 



mAdc 

(VcE = 250 Vdc, VEB(off) = I -5 Vdc, 

2N6233 


■ — 

1.0 


Tc = 150X) 






(VcE = 350 Vdc, VEB(off) = 1-5 Vdc, 

2N6235 


— 

1.0 


Tc = 150°C) 






Collector Cutoff Current 


•CBO 



mAdc 

(VcB = 250 Vdc, Ie = 0) 

2N6233 


— 

0.1 


(VcB = 350 Vdc, Ie = 0) 

2N6235 


— 

0.1 


Emitter Cutoff Current 


•ebo 

_ 

0.1 

mAdc 

(Vbe = 6.0 Vdc, Ic = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 
dC = 0.1 Adc, VcE = 5.0 Vdc) 
dc = I.OAdc, VcE = 5.0 Vdc) 
dC = 3.0 Adc, VcE = 5.0 Vdc) 

hPE 

25 

25 

10 

125 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

dc = 10 Adc, Ib = 0.1 Adc) 


— 

0.5 


dc = 5.0 Adc, Ib = I.OAdc) 


— 

2.5 


Base Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dc = I.OAdc, Ib = 0.1 Adc) 


— 

1.0 


dc = 5.0 Adc, Ib = I.OAdc) 


— 

2.0 


Base-Emitter On Voltage 

VBE<on) 

— 

1.0 

Vdc 

dc = I.OAdc, VcE = 5.0 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product (2) 
dc = 0.25 Adc, VcE = 10 Vdc, ftest = 10 MHz) 

fr 

20 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) 

Cob 

— 

250 

PF 


SWITCHING CHARACTERISTICS 


Rise Time 

(Vcc = 200 Vdc, Ic = 1.0 Adc, Ib = 0.1 Adc) 

tr 

- 

0.5 

flS 

Storage Time 

(Vcc = 200 Vdc, Ic = 1.0 Adc, Ibi = IB2 = 0.1 Adc) 

Is 

— 

3.5 

fXS 

Fall Time 

(Vcc = 200 Vdc, Ic = 1.0 Adc, Ibi = IB2 = 0.1 Adc) 

tf 

— 

0.5 

fis 


’Indicates JEDEC Registered Data. 

(1) Pulse Test; Pulse Width ^ 300 mS/ Duty Cycled 2.0%. 


(2) fT= |hfe| • ^test 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 


+10 V 

0 


1^-25 juS“*| 



0 V 1- 



tr, tr<10ns 
DUTY CYCLE = 1.0% 



FOR INFORMATION ON FIGURES 3 and 6 

Rb and rc are varied to obtain 

DESIRED CURRENT LEVEL.'; Di DIS- 
CONNECTED AND V2 REDUCED TO 5 
VOLTS FOR td MEASUREMENT. 
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2N6233, 2N6235 



0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 



II— L.±,U 1 ^ ^ ^ 1 1 „ 1 1 1 1 J I II 111 I 

5.0 7.0 10 20 30 50 70 100 700 3UU 500 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


3 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 


IC, COLLECTOR CURRENT (AMP) 


RESPONSE 



t, TIME (ms) 


There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the transis- 
tor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indi- 
cate. 

The data of Figure 5 is based on Tj(pk) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) ^ 200°C. Tj(p|() may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 7 - CAPACITANCES 


o 

o 





MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


2N6249 

2N6250 

2N6251 


HIGH VOLTAGE NPN SILICON POWER 
TRANSISTORS 

. . . designed for high voltage inverters, switching regulators and line 
operated amplifier applications. Especially well suited for switching 
power supply applications. 

• High Voltage Breakdown Rating 

• Low Saturation Voltages 

• Fast Switching Capability 

• High Es/b Energy Handling Capability 


MAXIMUM RATINGS 


Rating 


‘Collector-Emitter Voltage 


‘Collector-Emitter Voltage 


‘Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous* 
- Peak 


3 Current — Continuous* 
— Peak 


Emitter Current — Continuous 
— Peak 


Total Power Dissipation @Tc = 25°C 

@Tc= IOQOcI 

Derate above 25°C* 


'Operating and Storage Junction 
Temperature Range 


Symbol I 2N6249 2N6250 2N6251 Unit 


VCEO(sus) 


^CER(sus) 


VCB 


Veb 


•c 

'cm 


'B 

'bm 


'E 

'em 


Pd 


TjTstg 


200 


275 


350 


- 15- 
-30- 


- 10 - 
- 20 - 


- 25- 

- 50- 


-175- 
- 100 - 
- 1.0 - 


Vdc 


Adc 


Watts 

W/OC 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.0 

°C/W 

Maximum Lead Temperature for 

Soldering Purposes: 1/8” from Case 
for 5 Seconds 

Tl 

275 

°c 


‘Indicates JEDEC Registered Data. 

‘JEDEC Registered Value is 10 A, Motorola Guaranteed Value is 15 A. 



80 120 
Tc.CASE TEMPERATURE (OC) 


15 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

200, 275, 350 VOLTS 
175 WATTS 




A 



I 1 

' r 

r~ • 

1 

1 1 




f 

K 



L 


PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 



NOTES; 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. Gt] is SEATING PLANE AND DATUM. 

3. POSITIONAL TDLERANCE FOR 
MOUNTING HOLEQ: 

[ i I 1. 13 (0.005) ® I T I V(m) I 

FOR LEADS: 

I ^ I 1.13 (0.005) ®T I V® I 00 I 

4. DIMENSIONS ANDTOLERANCES PER 
ANSI Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

B 

- 

21.08 

■- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 

- 

1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.150 

0.165 


CASE 1-05 
TO-204AA 


3-177 





2N6249, 2N6250, 2N6251 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


I Characteristic 


Symbol 

Min 

Max 

Unit j 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 1) 


VcEO(sus) 



Vdc 

dc = 200 mA, Ib = 0) 

2N6249 


200 

- 



2N6250 


275 

- 



2N6251 


350 

- 


Collector-Emitter Sustaining Voltage (Table 1) 


VcER(sus) 



Vdc 

(IC = 200 mA) 

2N6249 


225 

- 



2N6250 


300 

- 



2N6251 


375 

- 


Collector Cutoff Current 


•CEV 



mAdc 

(VcE = Rated VcER. ^BEfoff) ^ -5 Vdc) 



- 

5.0 


(VcE = Rated VceR. VBE(off) "" '••5 Vdc, Tq 

=125°C) 


- 

10 


Collector Cutoff Current 

j 

'CEO 



mAdc 

(VcE = 150 Vdc, Ib = 0) 

2N6249 


- 

5.0 


(VcE = 225 Vdc, Ib = 0) 

2N6250 


- 

5.0 


(VcE = 300 Vdc, Ib = 0) 

2N6251 


- 

5.0 


Emitter Cutoff Current 


'ebo 

- 

1.0 

mAdc 

(Veb = 6.0 Vdc, Ic = 0) 

1 






SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward (V^E ~ 30 V) 
biased t = 1 .0 s (non-repetitive) = 100 V) 

'S/b 

5.8 

0.3 

- 

Vdc 

Second Breakdown Energy with base reverse biased (Table 1 ) 
dc = 10 A, VBE(off) = ■^•0 Vdc, L = 50 mH) 

Es/b 

2.5 

- 

mJ 


ON CHARACTERISTICS (1) 


DC Current Gain 

dc = 10 Adc, VcE = 3.0 Vdc) 

2N6249 

2N6250 

2N6251 

hPE 

10 

8.0 

6 0 

50 

50 

50 


Collector-Emitter Saturation Voltage 






(lC = 10 Adc, Ib = 1.0 Adc) 

2N6249 


- 



(IC= 10 Adc, Ib= 1.25 Adc) 

2N6250 


- 



dc = 10 Adc, Ib = 1.67 Adc) 

2N6251 


- 



Base-Emitter Saturation Voltage 





Vdc 

dc = 10 Adc, Ib = 1.0 Adc) 

2N6249 


— 



dc = 10 Adc, Ib = 1.25 Adc) 

2N6250 


- 



dc = 10 Adc, Ib = 1.67 Adc) 

2N6251 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

^T 

2.5 

- 

MHz 

dc = 1.0 Adc, VcE = 10 Vdc, ftest = 10 MHz) 






SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) ] 

Rise Time 

(Vcc = 200 Vdc, Ic = 10 A, Duty 

Cycle < 2.0%, tp = 100 ms) 

<'B1 = Ib 2 = 10 Adc) 2N6249 
<'B1 = 'B2 = 1.25 Adc) 2N6250 
(Ibi = 1b 2= 1-67 Adc) 2N6251 

V 

- 

2.0 

MS 

Storage Time 

ts 


3.5 

MS 

Fall Time 

tf 

- 

1.0 

MS 


* Indicates JEDEC Registered Data. 

(1) Measured on a curve tracer (60 Hz full-wave rectified sine wave). 


3-178 















Ic, COLLECTOR CURRENT (AMP) r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


2N6249, 2N6250, 2N6251 



VcEO(«m| 

VcER(aua) 

esa> 

RESISTIVE 

SWITCHING 



INDUCTIVE TEST CIRCUIT 



OUTPUT WAVEFORMS 


ti ► ti\*— 


H Adjusted to 
Obtain Ir 



L_J VCE 1 



n 

) 

j 

□ 


RESISTIVE TEST CIRCUIT 


20 J DC 

- Current 
[ Probe 

Ltut 


NOTE: Set lc(pk) Obtain Iq = 200 mA at Equal to Rated Value. 

Adjust ^aamp Voltage for VceO(sus) Rated Value. 


FIGURE 2 - THERMAL RESPONSE 



FIGURE 3 - ACTIVE-REGION SAFE 
OPERATING AREA 



5.0 7.0 10 20 30 50 70 100 200 300 500 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability 
of a transistor; average junction temperature and second 
breakdown. Safe operating area curves indicate Ic-VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 3 is based on Tq = 25°C, Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 3 may be found 
at any case temperature by using the appropriate curve on 
Figure 1. 

T J(pk) rnay be calculated from the data in Figure 2. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 
























MOTOROLA 

■I SEMICONDUCTOR 

TECHNICAL DATA 


2N6274 

2N6275 

2N6277 


HIGH-POWER NPN SILICON TRANSISTORS 

. . . designed for use in industrial-military power amplifer and 
switching circuit applications. 

• High Collector Emitter Sustaining Voltage — 

VcEO(sus) ^ 100 Vdc (Min) - 2N6274 
= 120 Vdc (Min) - 2N6275 
= 150 Vdc (Min) - 2N6277 

• High DC Current Gain — 

hpE = 30-120 @ Ic = 20 Adc 

= 10 (Min) @ lc= 50 Adc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) " 1 0 Vdc (Max) @ Iq = 20 Adc 

• Fast Switching Times @ Iq = 20 Adc 

tr = 0.35 MS (Max) 
ts = 0.8 MS (Max 
tf = 0.25 MS (Max) 

• Complement to 2N6377-79 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N6274 

2N6275 

2N6277 

Unit 

Collector-Base Voltage 

VCB 

120 

140 

180 

Vdc 

Collector-Emitter Voltage 

VCEO 

100 

120 

150 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

Ic 


50 


Adc 

Peak 



100 



Base Current 

Ib 

20 

Adc 

Total Device Dissipation @ Tq = 25°C 

Pd 


250 


Watts 

Derate above 25°C 



1.43 


W/°C 

Operating and Storage Junction 

Tj, Tstg 

- 

65 to -1-200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

ejc 

0.7 

°C/W 


• Indicates JEDEC Registered Data. 



50 AMPERE 
POWER TRANSISTORS 
NPN SILICON 

100.120,140,150 VOLTS 
250 WATTS 




STYLE 1 : 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 


DIM 

MILLIIV 

ETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

38.35 

39.37 

1.510 

1.550 

B 

19.30 

21.08 

0.760 

0.830 


6.36 

7.62 

0.250 

0.300 


1.45 

1.60 

0.057 

0.063 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205^ 

0.225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

24.89 

26.67 

0.980 

1.050 


CASE 197-01 
TO-204AE 


3-181 







2N6274, 2N6275, 2N6277 


^ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


j Characteristic 

j Symbol j 

Min 1 

Max j 

Unit 

OFF CHARACTERISTICS 






Collector-Emitter Sustaining Voltage 

VcEO(sus) 



Vdc 

dc = 50 mAdc, Ib = 0) 2N6274 


100 

- 


2N6275 


120 

- 


2N6277 


150 



Collector Cutoff Current 

'CEO 



MAdc 

(VcE = 50 Vdc, 1 B = 0) 2N6274 


- 

50 


(VcE = 60 Vdc, 1 B = 0) 2N6275 


- 

50 


(VcE = '^5 Vdc, Ib = 0) 2N6277 


_ 

50 


Collector Cutoff Current 

'CEX 




(VcE = Rated Vcb- ^EBIoff) = ^ ^dc) 


- 

10 


(VcE = Rated Vcb, VEB(off) = "I -5 Vdc, Tq - 150®C) 


- 

1.0 


Emitter Cutoff Current 

•ebo 

- 

100 

juAdc 

(Vbe = 6.0 Vdc, l(2 = 0) 






ON CHARACTERISTICS H) 

DC Current Gain 

hpE 



- 

dc = 1 0 Adc, VcE = 4.0 Vdc) 


50 

- 


dc = 20 Adc, VcE = '^•0 Vdc) 


30 

120 


dc = 50'Adc, VcE = 4.0 Vdc) 


10 

- 


Collector-Emitter Saturation Voltage 

VcE(sat) 




dc - 20 Adc, Ib = 2.0 Adc) 


- 

1.0 


dc = 50 Adc, Ib - 10 Adc) 


- 

3.0 


Base-Emitter Saturation Voltage 

VBE(sat) 




dc = 20 Adc, Ib = 2.0 Adc) 


- 

1.8 


dc 50 Adc, Ib 10 Adc) 


- 

3.5 


Base-Emitter On Voltage 

VBE(on) 

- 

1.8 


dc = 20 Adc, VcE = 4.0 Vdc) 





DYNAMIC CHARACTERISTICS 

Current-Gam — Bandwidth Product (2) 

It 

30 

- 


dc = 10 Adc, VcE 10 Vdc, f^est " 10 MHz) 





Output Capacitance 

Cob 

- 

600 

pF 

(Vcb " 10 Vdc, Ie = 0, f - o.i mhz) 





SWITCHING CHARACTERISTICS 

Rise Time 

1r 

- 

0.35 

MS 

(Vcc = 80 Vdc, Ic - 20 Adc, Ibi ^ 2.0 Adc, VBE(off) ^ 5.0 Vdc) 





Storage Time 

Is 

- 

0.80 

MS 

(Vcc “ 60 Vdc, Ic - 20 Adc, Ibi - Ib2 "" ^.0 Adc) 





Fall Time 

d 

- 

0.25 

MS 

(Vcc = 60 Vdc, Ic - 20 Adc, Ibi = 1b2 2.0 Adc) 






* I ndicates JE DE C Registered Data. 

(1) Pulse Test: Pulse Width < 300 //s, D uty Cycle < 2.0%. 

(2) f j Ihfg I • f^est- 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

Vcc 



Note: For information on Figures 3 and 6, Rb and Rc were 
varied to obtain desired test conditions. 


FIGURE 3 - TURN-ON TIME 

2.0 


1.0 

0.7 

0'5 



0.1 

0.07 

0.05 


0.03 

0.02 LI.l, — I I 1 1 I — 

0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

In, COLLECTOR CUR RENT (AMP) 















2N6274, 2N6275, 2N6277 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 


-Second Breakdown Limited 
-Bonding Wire Limited I I 
-Thermally Limited y" P 

z @Tc = 25°C (Single Pulse) —jz 
~ Curves Apply Below Rated V(br)qeo ~ 
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3.0 5.0 7.0 IjO 20 30 50 70 100 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN-OFF TIME 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC‘VcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figures is based on Tj(pk) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj{p|<) ^ 200°C. Tj(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 7 - CAPACITANCE 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

IC, COLLECTOR CURRENT (AMP) 


0.5 1.0 2.0 5.0 10 20 50 1 

Vr, REVERSE VOLTAGE (VOLTS) 












Ic, COLLECTOR CURRENT (AMP) V, VOLTAGE (VOLTS) hpE. DC CURRENT GAIN 


2N6274, 2N6275, 2N6277 


FIGURE 8 - DC CURRENT GAIN 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

Ic, COLLECTOR CURRENT (AMP) 


FIGURE 10 - "ON" VOLTAGES 




-0.1 0 +0.1 +0.2 +0.3 +0.4 


VbE, base-emitter voltage (VOLTS) 


IB, BASE CURRENT (;ti A) 0V- TEMPERATURE COEFFICIENTS (mV/oC) VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 9 - COLLECTOR SATURATION REGION 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

IB. BASE CURRENT (AMP) 


FIGURE 11 - TEMPERATURE COEFFICIENTS 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

IC.COLLECTORCURRENT (AMP) 


FIGURE 13 - BASE CUT-OFF REGION 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


NPN 

2N6282 thru 2N6284 

PNP 

2N6285 thru 2N6287 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low-frequency switching 
applications. 

• High DC Current Gain @1^=10 Adc — 

hpE = 2400 (Typ) - 2N6282, 2N6283, 2N6284 
= 4000 (Typ) - 2N6285, 2N6286, 2N6287 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 60 Vdc (Min) - 2N6282, 2N6285 
= 80 Vdc (Min) - 2N6283, 2N6286 
= 100 Vdc (Min) - 2N6284, 2N6287 

• Monolithic Construction with Built-In Base-Emitter Shunt 

Resistors 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N6282 

2N6285 

2N6283 

2N6286 

2N6284 

2N6287 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

100 

Vdc 

Collector-Base Voltage 

VCB 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

Peak 

•c 

20 

40 

Adc 

Base Current 

'b 

0.5 

Adc 

Total Device Dissipation @ = 25°C 

Derate above 25°C 

Pd 

160 

0.915 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj.Tstg 

-65 to +200 

OC 


^THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

1.09 

°C/W 


* Indicates JEDEC Registered Data. 



DARLINGTON 
20 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60, 80, 100 VOLTS 
160 WATTS 





STYLE 1 

PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES 1 1 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 


1.550 

B 

_ 

21.08 


0.830 

C 

6.35 

7.62 

0.250 

0.300 i 

0 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

lliF 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 

_ 

1.050 

U 

2.54 1 

3.05 

0.100 

0.120 


NOTES; 

1. ALL RULES AND NOTES ASSOCIATED WITH 
REFERENCED TO-3 OUTLINE SHALL APPLY. 

CASE 1-04 
TO-204AA 



3-185 






2N6282, 2N6283, 2N6284 NPN 
2N6285, 2N6286, 2N6287 PNP 


*ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 


VcEO(sus) 



Vdc 

dc = 0.1 Adc, Ib = 0) 

2 N 6282, 2 N 6285 


60 

- 



2N6283, 2N6286 


80 

- ' 



2N6284, 2N6287 


100 

- 


Collector Cutoff Current 


'CEO 



mAdc 

(VcE = 30 Vdc, Ib = 0) 

2N6282, 2N6285 


- 

1.0 


(VcE = 40 Vdc, Ib = 0) 

2N6283, 2N6286 


- 

1.0 


(Vce = 50 Vdc, Ib = 0) 

2N6284, 2N6287 


. - 

1.0 


Collector Cutoff Current 


'CEX 



mAdc 

(VcE = Rated VcB, VBE(off) = 1-5 Vdc) 



- 

0.5 


(VcE = Rated VcB. VBE(off) = 1-5 Vdc, Tc = 150°C) 



- 

5.0 


Emitter Cutoff Current 


•ebo 

- 

2.0 

mAdc 

(Vbe = 5.0 Vdc, Ic = 0) 







ON CHARACTERISTICS (1) 



DC Current Gain 
dc = 10 Adc, VcE = 3.0 Vdc) 
dc = 20 Adc, VcE = 3.0 Vdc) 


Collector-Emitter Saturation Voltage 

dc = 

10 Adc, Ib = 

40 mAdc) 

(ic = 

20 Adc, Ib = 

200 mAdc) 

Base-Emitter On Voltage 

dc = 

10 Adc, VcE 

= 3.0 Vdc) 



Base-Emitter Saturation Voltage 
dc = 20 Adc, Ib = 200 mAdcl 


DYNAMIC CHARACTERISTICS 

Magnitude of Common Emitter Small-Signal Short-Circuit 
Forward Current Transfer Ratio 

dc " 10 Adc, VcE = 3.0 Vdc, f = 1 .0 MHz) 

Output Capacitance 

(VcB = 10 Vdc, Ig = 0, f = 0.1 MHz) 

Small-Signal Current Gain 

dc = 10 Adc, VcE ^ 3.0 Vdc, f = 1 .0 kHz) 


Indicates JE DEC Registered Data. 

( 1 ) Pulse test: Pulse Width = 300 /is. Duty Cycle = 2% 

FIGURE 2 -SWITCHING TIMES TESTCIRCUIT 


RB & RC VARIED TO OBTAIN DESIRED CURRENT LEVELS 
0i, MUST BE FAST RECOVERY TYPES, e.g: • 

MBD5300 USED ABOVE Ib ^ 100 mA 
MSD6100 USED BELOW Ib ^ ioo mA 


FIGURE 3 - SWITCHING TIMES 
I I 1 1 ' -1_* 2 N 6282/84 (NPN)'~ff 






tr, tf < 10 ns 
DUTY CYCLE = 1.0% 


For NPN test circuit reverse diode and voltage polarities. 


0-3 VCC = 30 Vdc 
Jc/IB = 250 
IB1 = Ib2 
~Tj = 250C 



td@VBE(off) = OV 


0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 

Ir, COLLECTOR CURRENT (AMP) 





















2N6282, 2N6283, 2N6284 NPN 
2N6285, 2N6286, 2N6287 PNP 


FIGURE 4 -THERMAL RESPONSE 
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DUTY CYCLE, D =ti/t2 


:__:_R0jC(t) = r(t) R0JC_1_L 
“+11“ ReJC = Max -|- 

- D CURVES APPLY FOR POWER: 
"pulse TRAIN SHOWN 
_ READ TIME At ti I | | | T 

I I Tj(pk) -Tc = P(p'k)ReJc(t)| 
100 200 300 500 


t, TIME (ms) 

ACTIVE REGION SAFE OPERATING AREA 


FIGURE 5 - 2N6282, 2N6285 

50 1 — I — r T I T I TT 1 — I — r~rr 


SECOND BREAKDOWN LIMITED A 

ni _ BONOINGWIRE LIMITED 

U. I THERMALLIMITATION®)Tc = 25''C = E-;: 

0 05 -| I { ■ SINGLE PULSE - I - 

2.0 5.0 10 20 50 100 

Vce.COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 -2N6283,2N6286 


- 0.5 ms|“ ' 

E; 10 

— 5.0 ms ^ 
: L 1. 1 dc^ 
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There are two limitations on the power handling ability of a transistor; average junction temperature and second breakdown. Safe 
operating area curves indicate Iq - Vqe limits of the transistor that must be observed for reliable operation; i.e. the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figures 5, 6 and 7 is based on Tj(p|^| = 200®C; Tq is variable depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) <200°C. Tj(pk) ^^Y be calculated from the data in Figure 4. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less than the limitations imposed by second breakdown. 


FIGURE 8 - SMALL-SIGNAL CURRENT GAIN 


FIGURE 9 - CAPACITANCE 
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FIGURE 10-OC CURRENT GAIN 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


NPN 

2N6294, 2N6295 

PNP 

2N6296, 2N6297 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier, low-frequency switching 
and hammer driver applications, 

• High DC Current Gain 

hpE = 3000 (Typ) @ lc= 2.0 Adc 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 2.0 Vdc (Max) @ Iq = 2.0 Adc 

• Collector-Emitter Sustaining Voltage 

VCEO(sus) = 60 Vdc (Min) - 2N6294, 2N6296 
= 80 Vdc (Min) - 2N6295, 2N6297 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 


MAXIMUM RATINGS 


4 AMPERES 
DARLINGTON 
COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60, 80 VOLTS 
50 WATTS 


G)' 

Tr=^ 


Rating 

Symbol 

2N6294 

2N6296 

2N6295 

2N6297 

Collector-Emitter Voltage 


60 

80 

Collector-Base Voltage 

VcB 

60 

80 

Emitter-Base Voltage 

Veb 

5.0 

Collector Current — Continuous 

•c 

4.0 

Peak 


8.0 

Base Current 

'b 

80 



Operating and Storage Junction, 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 



















































2N6294, 2N6295 NPN/2N6296, 2IM6297 PNP 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(IC = 50mAdc, Ib =0) 

2N6294, 2N6296 
2N6295, 2N6297 

VcEO(sus) 

60 

80 

1 1 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

(VcE = 30 Vdc, Ib = 0) 

2N6294, 2N6296 


- 

0.5 


(VcE =40 Vdc, Ib = 0) 

2N6295, 2N6297 


- 

0.5 


Collector Cutoff Current 


•CEX 



mAdc 

(VcE = Rated VcB.VEB(off) = l -S Vdc) 

2N6294, 2N6295 


- 

0.5 


(VcE = Rated VcB,VBE(off) = l-S Vdc) 

2N6296, 2N6297 


- 

0.5 


(Vqe = Rated VcB,VEB(off) "" 1 -5 Vdc, 

2N6294, 2N6295 


- 

5.0 


Tc = 1 50OC) 






(Vqe = Rated VcB.VBE(off) = ‘••5 Vdc, 

2N6296, 2N6297 


- 

5.0 


Tc=150°C) 






Emitter Cutoff Current 


•ebo 

- 

2.0 

mAdc 

(Vbe = 5.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain 

(Iq = 2.0 Adc, Vqe 
dc = 4.0 Adc, VcE 

= 3.0 Vdc) 

= 3.0 Vdc) 

hpE 

750 

100 

18000 


Collector-Emitter Saturation Voltage 1 

VcE(sat) 



Vdc 

dc = 2.0 Adc, Ib = 

8.0 mAdc) 


- 



dc = 4.0 Adc, Ib = 

40 mAdc) 


- 



Base-Emitter Saturation Voltage I 

Vbe (sat) 

- 

4.0 

Vdc 

dc = 4.0 Adc, Ib = 

40 mAdc) 





Base-Emitter On Voltage 1 

VBE(on) 



Vdc 

dc = 2.0 Adc, VcE 

= 3.0 Vdc) 


- 

2.8 



DYNAMIC CHARACTERISTICS 


Magnitude of Common Emitter Small-Signal 

Short-Circuit Forward Current T ransfer Ratio 
dc = 1.5 Adc, VcE = 3.0 Vdc, f = 1.0 MHz) 


4.0 

- 


Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) 2N6294, 2N6295 

2N6296, 2N6297 

^ob 

- 

120 

200 


Small-Signal Current Gain 

dc= 1.5 Adc, VcE = 3.0 Vdc, f = 1.0 kHz) 

hfe 

300 

- 

- 


•Indicates JEDEC Registered Data 


FIGURE 2 - SWITCHING TIMES TEST 
CIRCUIT 
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FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate 1^ - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(pk) = 200; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj{pk) ^ 200. Tj(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 6 - SMALL-SIGNAL CURRENT GAIN 
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FIGURE 7 - CAPACITANCE 
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FIGURE 8 - DC CURRENT GAIN 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



HIGH VOLTAGE NPN SILICON POWER 
TRANSISTORS 

. . . designed for high voltage inverters, switching regulators and line- 
operated amplifier applications. Especially well suited for switching 
power supply applications in associated consumer products. 

• High Collector-Base Voltage - 

VcB = 500 Vdc - 2N6306 
= 600 Vdc - 2N6307 
= 700 Vdc - 2N6308 

• Excellent DC Current Gain @ Iq = 3.0 Adc 

hpE = 15 - 75 - 2N6306, 2N6307 
= 12-60 -2N6308 

• Low Col lector- Emitter Saturation Voltage @ Ic = 3.0 Adc 

VcE(sat) = 0-8 Vdc (Max) - 2N6306 
= 1.0 Vdc (Max) -2N6307 
= 1.5Vdc(Max) -2N6308 

• Current Gain Bandwidth Product — 

fj = 5.0 MHz (Min) @ Iq = 0.3 Adc 


♦MAXIMUM RATINGS 


Rating 

Symbol 

2N6306 

2N6307 

2N6308 

Unit 

Collector-Base Voltage 

VcB 

500 

600 

700 

Vdc 

Collector-Emitter Voltage 

VCEO 

250 

300 

350 

Vdc 

Emitter-Base Voltage 

Veb 

^ 8.0 ► 

Vdc 

Collector Current — Continuous 

Peak 

>C 

8.0 ► 

16 

Adc 

Base Current 

'b 

4.0 ► 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

« “^25 ^ 

0.714 

Watts 

W/OC 

Operating and Storage Junction 
Temperature Range 

Tj'^stg 


OC 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

«JC 

1.4 

°C/\N 


‘Indicates JEDEC Registered Data. 




2N6306 

2N6307, 2N6308 


8 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

250 300-350 VOLTS 
125 WATTS 



A 



NOTES: 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. GlZl IS SEATING PLANE AND DATUM. 

3. POSITIONALTOLERANCE FOR 
MOUNTING HOLE Q; 

I » I 1.13 (0.005)® I T I V® I 

FOR LEADS: 

I > I 1.13 (0.005)® T I V® I Q® I 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX- 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 

- 

1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.150 

0.165 


CASE 1-05 
TO-204AA 


3-194 







2N6306, 2N6307, 2N6308 


*ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

( Characteristic 1 Symbol 1 Min 1 Max I Uni7 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

<IC = lOOmAdc, Ib = 0) 

2N6306 

2N6307 

2N6308 

VcEO(sus) 

250 

300 

350 

- 

Vdc 

Collector Cutoff Current 



'CEO 



mAdc 

(VcE = Rated VcEO- 0^ 




- 

0.5 


Collector Cutoff Current 



•CEX 



mAdc 

(Vce = 500 Vdc, VEB(off) = 

1.5 Vdc) 

2N6306 


- 

0.5 


(Vce= 600 Vdc, VEB(off) = 

1.5 Vdc) 

2N6307 


- 

0.5 


(VcE = 700 Vdc, VEB(off) = 

1.5 Vdc) 

2N6308 


- 

0.5 


(VcE = 450 Vdc, VEB(off) = 

1.5 Vdc, 

2N6306 


- 

2.5 


Tc= 150OC) 







(VcE = 550 Vdc, VEB(off) = 

1.5 Vdc, 

2N6307 


- 

2.5 


Tc= 150°C) 







(VcE =650 Vdc, VEB(off) = 

1.5 Vdc, 

2N6308 


_ 

2.5 


Tc= 150°C) 







Emitter Cutoff Current 



•ebo 



mAdc 

(Vbe = 8.0 Vdc, Ic = 0) 




- 

1.0 



ON CHARACTERISTICS 


DC Current Gain ( 1 ) 
dC = 3.0 Adc, VcE = 5.0 Vdc) 

dC = 8.0 Adc, VcE = 5.0 Vdc) 

2N6306, 2N6307 
2N6308 

2N6306, 2N6307 
2N6308 

•iFE 

15 

12 

4.0 

3.0 

75 

60 


Collector-Emitter Saturation Voltage (1) 


VcE(sat) 



Vdc 

dc = 3.0 Adc, 1 b = 0.6 Adc) 

2N6306 


- 

0.8 



2N6307 


- 

1.0 



2N6308 


- 

1.5 


dC = 8.0 Adc, Ib = 2.0 Adc) 

2N6306, 2N6307 


- 

5.0 


dc = 8.0 Adc, Ib = 2.67 Adc) 

2N6308 


- 

5.0 


Base-Emitter Saturation Voltage { 1 ) 


Vbe (sat) 



Vdc 

dC = 8.0 Adc, 1 b = 2.0 Adc) 

2N6306, 2IM6307 


- 

2.3 


dc = 8.0Adc, Ib = 2.67 Adc) 

2N6308 


- 

2.5 


Base-Emitter On Voltage (1) 


Vbe (on) 



Vdc 

dc = 3.0 Adc, VcE = 5.0 Vdc) 

2N6306, 2N6307 


- 

1.3 



2N6308 


- 

1.5 


Second Breakdown Energy (Figure 2) 


Es/b 



mJ 

<'C(PK) = 8.0 Adc, L = 40 mH, RbE = 

3,k.i2, Vbb 2 = 1-5 Vdc) 


- 

180 



DYNAMIC CHARACTERISTICS 


Current Gain - Bandwidth Product (2) 
dc = 0.3 Adc, VcE = 10 Vdc, ftest = l O MHz' 

It 

5.0 


MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) 

0 

o 

_ 

250 

pF 


SWITCHING CHARACTERISTICS 


Rise Time 

(Vcc = 125 Vdc, Ic = 3.0 Adc, Ib = 0.6 Adc) 



0.6 

MS 

Storage Time (3) 

ts 



MS 

(Vcc = 125 Vdc, Ic = 3,0 Adc, Ibi = 0.6 Adc, 1 b 2 = 1-5 Adc) 





Pulse Width = 25 JUS 


- 

1.6 


Pulse Width = 5.0ms 


- 

0.8 


Fall Time 

tf 



MS 

(Vcc ~ 125 Vdc, Ic = 3,0 Adc, Ibi = 0.6 Adc, Ib 2 = 1-5 Adc) 


- 

0.4 



( 1) Pulse Test: Pulse Width ^300 jus; Duty Cycle = 2.0% 


(2) fj = I hfe I • ftest 

(3) "On" time is 25 /is. tj decreases with shorter pulse widths, being approximately 50% of the values shown at a 5.0 jus pulse width. 
• Indicates JE DEC Registered Data. 


FIGURE 2 - SECOND BREAKDOWN ENERGY TEST CIRCUIT AND WAVEFORMS 










2N6306, 2N6307, 2N6308 


FIGURE 3 - THERMAL RESPONSE 
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FIGURE 4 - ACTIVE-REGION SAFE OPERATING AREA 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic'^CE Omits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 4 is based on Tj^pi^j = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10 % provided Tj(p|<. j ^ 200 °C. Tj(pi^) may be 
calculated from the data in Figure 3. At high case temperatures, 
thermal limitations wjll reduce the power that can be handled to 
values less than the limitations inriposed by second breakdown. 


FIGURE 5 - SWITCHING TIMES TEST CIRCUIT 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


NPN 

2N6315, 2N6316 

PNP 

2N6317, 2N6318 


COMPLEMENTARY SILICON 
MEDIUM-POWER TRANSISTORS 


. , . designed for general-purpose power amplifier and switching 
applications. 


7.0 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 
90 WATTS 


Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 10 Vdc (Max) @ Ic = 4,0 Adc 
Low Leakage Current — IqeX ~ 0.25 mAdc (Max) 

Excellent DC Current Gain - hpE = 20 (Min) @ Ic = 2.5 Adc 
High Current Gain — Bandwidth Product — 
fj = 4.0 MHz @lc = 0.25 Adc 


*MAXIMUM RATINGS 

Rating 

Symbol 

2N6315 

2N6317 

2N6316 

2N6318 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base Voltage 

VCB 

60 

80 

Vdc 

Emitter-Base Voltage 

< 

m 

00 

5.0 

Vdc 

Collector Current — Continuous 

'C 

7.0 

Adc 



, Peak 

Base Current 

Total Device Dissipation — Tq = 25°C 

Derate above 25°C ^ 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 


15 

2.0 

90 

0.515 

-65 to -^200 


E / Hr ° 

SEATING PLANE U 


Characteristic 

Symbol 

Value 

Unit 

Thermal Resistance, Junction to Case 

^JC 

1.94 

°C/W 


•Indicates JEDEC registered data. Limits and conditions differ on some parameters and re- 
registration reflecting these changes has been requested. All above values meet or exceed 
present JEDEC registered data. 



STYLE 1: 

PIN 1, BASE 
2, EMITTER 
CASE. COLLECTOR 









NPN2N6315,2N6316 
PNP2N6317, 2N6318 


‘ELECTRICAL CHARACTERISTICS (Tc = 250C unless otherwise noted) 


Characteristic 


Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 


VcEO(sus) 




dc = 100 mAdc, Ib = 0) 

2N6315,2N6317 


60 




2N6316,2N6318 


80 



Collector Cutoff Current 


•CEO 




(VcE = 30 Vdc, Ib = 0) 

2N6315,2N6317 


- 



(VcE = 40 Vdc, Ib = 0) 

2N6316,2N6318 


- 



Collector Cutoff Current 


ICEX 


■■■llll 


(VcE = 60 Vdc, VBE(off) = 1-5 Vdc) 

2N6315,2N6317 


- 



(VcE = 80 Vdc, VBE(off) ^ 1-5 Vdc) 

2N6316,2N6318 


- 



(VcE = 60 Vdc VBE(off) =1-5 Vdc,Tc =150°C) 

2N6315,2N6317 


- 



(VcE = 80 Vdc,VBE(off) =1-5 Vdc,Tc = 1 BO^C) ' 

2N6316,2N6318 


- 



Collector Cutoff Current 


'CBO 




(VcB = 60 Vdc, Ie = 0) 

2N6315,2N6317 


- 



(VcB = 80 Vdc, Ie = 0) 

2N6316.2N6318 


- 


■■ 

Emitter Cutoff Current 


>EBO 

- 

1.0 


(Veb = 5.0 Vdc, Ic = 0) 





,iiim 


ON CHARACTERISTICS 


DC Current Gain ( 1 ) 
dc = 0.5 Adc, VcE = 4.0 Vdc) 

hpE 



- 

dC = 2.5 Adc, VcE = 4.0 Vdc) 





dc = 7.0 Adc, VcE = 4.0 Vdc) 





Collector-Emitter Saturation Voltage (1) 
dc = 4.0 Adc, Ib = 0.4 Adc) 

VcE(sat) 

_ 



dc = 7.0 Adc, Ib = 1.75 Adc) 


- 



Base-Emitter Saturation Voltage (1) 
dc = 7.0 Adc, Ib = 1.75 Adc) 

VBE(sat) 

- 

2.5 


Base-Emitter On Voltage (1) 
dc = 2.5 Adc, VcE = 4.0 Vdc) 

VBE(on) 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product (2) 
dc = 0.25 Adc, VcE = 10 Vdc, ftest = 10 MHz) 

It 

4.0 

- 


Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 2N6317,2N6318 

2N6315,2N6316 


- 

300 

200 

■ 

Small-Signal Current Gain 

dc = 0.5 Adc, VcE = 4.0 Vdc, f = 1 .0 kHz) 

hfe 


_ 

- 


SWITCHING CHARACTERISTICS 


Rise Time 

(Vcc = 30 Vdc, lc = 2.5 Adc, 

'b 1 “ *B2 ~ 0.25 Adc) 

tr 

- 

0.7 

MS 

Storage Time 

ts 

- 

1.0 

MS 

Fall Time 

tf 

- 

0.8 

MS 


•Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width ^ 300 /us. Duty Cycle ^2.0%. 


(2) fT=lhfel» W 
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VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 



[ili] 








NPN 2N6315, 2N6316 
PNP 2N6317, 2IM6318 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic - Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 


The data of Figure 5 is based on Tj(pk) = 200®C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj(p|^) <200°C. 
Tj(pk) may be calculated from the data in Figure 6. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by 
second breakdown. 


FIGURE 6 -THERMAL RESPONSE 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N6338 

thru 

2N6341 


HIGH-POWER NPN SILICON TRANSISTORS 

. . . designed for use in industrial-military power amplifier and 
switching circuit applications. 

• High Col lector- Emitter Sustaining Voltage - 

VcEO(sus) = 100 Vdc (Min) - 2N6338 
= 120 Vdc (Min) - 2N6339 
= 140 Vdc (Min) - 2N6340 
= 150Vdc(Min)-2N6341 

• High DC Current Gain - 

hpE = 3ai20@ lc= 10 Adc 
= 12 (Min) @ Ic = 25 Adc 

• Low Col lector- Emitter Saturation Voltage — 

VcE(sat) 10 Vdc (Max) @ Iq = 10 Adc 

• Fast Switching Times @ Ic = 10 Adc 

tr = 0.3/is (Max) 
ts = I.OjUs (Max) 
tf = 0.25 Ats (Max) 

• Complement to 2N6436— 38 

^MAXIMUM RATINGS 


25 AMPERE 
POWER TRANSISTORS 
NPN SILICON 

100, 120, 140, 150 VOLTS 
200 WATTS 


Rating 

Symbol 

2N6338 2N6339 2N6340 2N6341 

Unit 

Collector-Base Voltage 

VCB 

120 140 160 180 

Vdc 

Collector-Emitter Voltage 

VCEO 

100 120 140 150 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

6.0 

Vdc 

Collector Current — Continuous 

Peak 

‘c 

25 

50 

Adc 

Base Current 

'b 

10 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

200 

1.14- 

Watts 

W/°C 

Operating and Storage Junction 

TjJstg 

- — -65 to +200 

°C 


THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case 
•Indicates JEDEC Registered Data. 

I FIGURE 1 - POWER DERATING 




A 

^ B 


cd 

f 

dl 



^ J — 






r if\ 1 


H \d 





STYLE 1 

PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 
MIN 1 MAX 

INCHES 

MIN 1 MAX 

A 

_ 

39.37 

_ 

1.550 

R 

_ 

21.08 

_ 

0.830 

■ 0 

6.35 

7.62 

0 250 

0.300 

0 


1.09 

0.038 

0.043 

F 

1.40 

1.78 

0.055 

0.070 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

n.?in 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

" 0 ^ 

3.81 

4.19 

0.150 

0.165 

R 

_ 

26.67 

_ 

1.050 

U 

2.54 

3.05 

0.100 

0.120 


CASE1- 

-04 



NOTES: 

1. ALL RULES AND NOTES ASSOCIATED WITH 
REFERENCED TO-3 OUTLINE SHALL APPLY. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N6377 

thru 

2N6379 


HIGH-POWER PNP SILICON TRANSISTORS 

. . . designed for use in industrial-military power amplifier and 
switching circuit applications. 

• High Collector Emitter Sustaining Voltage — 

VCEO (sus) = 80 Vdc (Min) - 2N6377 
= 100 Vdc (Min) - 2N6378 
= 120 Vdc (Min) - 2N6379 

• High DC Current Gain — 

hpE = 30-120 @ lc= 20 Adc 
= 10 (Min) @ lc= 50 Adc 

• Low Collector-Emitter Saturation Voltage - 

VCE(sat) = 10 Vdc (Max) @ Iq = 20 Adc 

• Fast Switching Times @ Iq = 20 Adc 

tr = 0.35 Ids (Max) 
tg = 0.8 ps (Max) 
tf = 0.25 IIS (Max) 

• Complement to 2N6274-77 


* MAXIMUM RATINGS 
I Rating 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


50 AMPERE 

POWER TRANSISTORS 
PNP SILICON 

80, 100, 120 VOLTS 
250 WATTS 




































2N6377 thru 2N6379 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless Otherwise noted) 
p ~ Characteristic | Symbol j Min | Max j Unit 

•'OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 

(IC = 50mAdc, Ib = 0) 

2N6377 

2N6378 

2N6379 

VcEO(sus) 

80 

100 

120 

- 

Vdc 

(Collector Cutoff Current 






(VcE = 50 VdcJe = 0) 

2N6377 


- 



(VcE = 60 Vdc. Ib = 0) 

2N6378 


- 



(VcE = 70 Vdc, Ib = 0) 

2N6379 


- 



Collector Cutoff Current 


'CEX 




(VcE = 90% Rated Vcb, VBE(off) = L5 Vdc) 



- 



(VcE = 90% Rated Vcb- VeEloff) = l-S Vdc, Tq = 150°C) 



- 



Emitter Cutoff Current 


’ebo 

- 


/nAdc 

(Veb =6.0 Vdc, lc = 0) 







*ON CHARACTERISTICS 


DC Current Gain 

(lC= 1.0 Adc, VcE =4.0 Vdc) 
dC = 20 Adc, VcE = 4.0 Vdc) 
dC = 50 Adc, VcE = 4.0 Vdc) 

hpE 

50 

30 

10 

1 

_ 

120 


Collector-Emitter Saturation Voltage 

VcE(sat) 

- 


Vdc 

dC = 20 Adc, Ib = 2.0 Adc) 


- 

1.2 


dC = 50 Adc, Ib = 10 Adc) 


- 

3.0 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dc = 20 Adc, Ib = 2.0 Adc) 


- 

1.8 


dC = 50 Adc, Ib = 10 Adc) 


- 

3.5’ 



























2N6377 thru 2N6379 



2.0 3.0 5.0 7.0 10 

Ir, COLLECTOR CURRENT (AMP) 


0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

Vr, REVERSE VOLTAGE (VOLTS) 








Ic, COLLECTOR CURRENT (jiA) V, VOLTAGE (VOLTS) hpE. DC CURRENT GAIN 


2N6377 thru 2N6379 


FIGURE 8 - DC CURRENT GAIN 


FIGURE 9 - COLLECTOR SATURATION REGION 
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FIGURE 10 - "ON" VOLTAGES 
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FIGURE 11 - TEMPERATURE COEFFICIENTS 


APPLIES FOR lc/lB<hFE/4 


550Cto+250C 


+250C to +150°C 
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FIGURE 12 - COLLECTOR CUT-OFF REGION 
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FIGURE 13 - BASE CUTOFF REGION 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



NPN 


2N6383, 2N6384 


2N6385 


PNP 


2N6648 


COMPLEMENTARY SILICON POWER 
DARLINGTON TRANSISTORS 

. . . monolithic complementary silicon Darlington transistors designed 
for low and medium frequency power applications such as power 
switching, audio amplifiers, hammer drivers, and shunt and series 
regulators. 

• High Gain Darlington Performance 

• True Complementary Specifications 


♦MAXIMUM RATINGS 


Rating 


Symbol 


2N6383 

2N6648 


Collector-Emitter Voltage 


VCEO(sus) 


60 


Collector-Emitter Voltage 


VcEX 


Collector-Emitter Voltage 


VCBO 


Emitter Base Voltage 


vebo 


Collector Current — Continuous 
Peak (1 * 


'c 

‘cm 


10 

• 15 ■ 


Base Current — Continuous 


Total Power Dissipation 
@Tc = 25°C (2) 
Derate above 25°C 


- 100 - 
0.571 


Watts 

W/OC 


Operating and Storage Junction 
Temperature Range (2) 


'‘"j- Tstg 


--65 to +200 - 


OC 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Thermal Resistance, Junction to Case 


‘^OJC 


°C/W 


Maximum Lead Temperature for Soldering 
Purposes: 1 122 " from Case for 5 Seconds 


* Indicates JEDEC Registered Data. 

**Not JEDEC Registered. 

(1) Pulse Width = 50 ms, Duty Cycle < 10%. 

(2) Exceeds JEDEC Registration for 2N6648. 

JEDEC Registration gives Pp = 70 W, Tj = 150°C. 




15 AMPERE PEAK 

COMPLEMENTARY 
SILICON POWER 
DARLINGTON TRANSISTORS 

40-60-80 VOLTS 
100 WATTS 




c 


K 

i 


R 


G 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

. 

39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

6 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 


26.67 

- 

1.050 


Collector connected to case. 
CASE 11 01 
(T03) 
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2N6383, 2N6384, 2N6385, NPN, 2N6648, PNP 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

[ Characteristic [ Symbol [ Min | Max | Unit' 


OFF CHARACTERtSTICS 


•Collector-Emitter Sustaining Voltage (1) 
dC = 200 mAdc, Ib =0) 

2N6383, 2N6648 
2N6384 

2N6385 

VcEOfsus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(Vqe ~ Rated Value) 



- 

1.0 


•Collector Cutoff Current 


•CEV 



mAdc 

(VcE = Rated VcEOfsus) Value, VBE(off) = 

1.5 Vdc) 


- 

0.3 


(VcE = Rated VcEO(sus) Value, VBE(off) = 

1.5 Vdc, Tc = 150^0 


- 

3.0 


•Emitter Cutoff Current 


'ebo 

_ 

10 

mAdc 

(Veb = 5.0 Vdc, Ic = 0) 






Collector-Emitter Sustaining Voltage (1 ) 


VcER(sus) 



Vdc 

(Rbe ~ ^ 00 Ic 200 mA) 

2N6383, 2N6648 


40 

„ 



2N6384 


60 

- 



2N6385 


80 

- 


Collector-Emitter Sustaining Voltage (1 ) 


VcEV(sus) 



Vdc 

<VBE(off) = 1-5V,lc = 200mA) 

2N6383, 2N6648 


40 

- 



2N6384 


60 

- 



2N6385 


80 

- 



ON CHARACTERISTICS (1) 


*DC Current Gain 

(Ic = 5.0 Adc, VcE = 3.0 Vdc) 
dC = 10 Adc, VcE = 3.0 Vdc) 

hpE 

1000 

100 

20,000 

- 

•Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dc = 5.0 Adc, Ib = 0.01 Adc) 


- 

2.0 


dC = 10 Adc, Ib = 0.1 Adc) 


- 

3.0 


•Base-Emitter On Voltage 

VBE(on) 



Vdc 

dc = 5.0 Adc, VcE = 3.0 Vdc) 



2.8 


dc = 10 Adc, VcE = 3.0 Vdc) 



4.5 


Diode Forward Voltage 

Vf 

- 

4.0 

Vdc 

dF = 10Adc) 






•DYNAMIC CHARACTERISTICS 


Output Capacitance 

( VcB = 1 0 Vdc, 1 E = 0, ftest = 1 0 MHz) 

Cob 

- 

200 

PF 

•Magnitude of Common-Emitter Small-Signal Short-Circuit 

Current Transfer Ratio 

dc = 1 0 Adc, VcE = 5.0 Vdc, f = 1 .0 MHz) 

Ihfel 

20 



Common Emitter Small-Signal Short-Circuit Forward 

Current Transfer Ratio 

dc = 1 .0 Adc, VcE = 5.0 Vdc, f = 1 .0 kHz) 

fife 

1000 




SECOND BREAKDOWN 


Second Breakdown Collector Current with Base-Forward Biased 

•S/B 

1 See Figures 8 and 9 | 

Second Breakdown Energy with Base Reverse-Biased 

(L = 12 mH, Rbe = 100 i2, VBE(off) = 1-5 Vdc, Ic = 4.5 Adc) 

^s/b 

120 


mJ 


(1) Pulse Test: Pulse Width = 300 ns. Duty Cycle < 2%. 
* Indicates JEDEC Registered Data. 
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VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) -n hpE, CURRENT GAIN 






COLLECTOR CURRENT (AMPS) 


2N6383, 2N6384, 2N6385, NPN, 2N6648, PNP 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 700 1000 


t, TIME (ms) 


There are two limitations on the power handling ability of 
a transistor: average junction temperature and second break- 
down. Safe operating area curves indicate Ic'^ce limits of 
the transistor that must be observed for reliable operation; 
i.e., the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The data of Figure 8 is based on Tq = 25°C; Tj(pk) is 
variable depending on power level. Second breakdown pulse 
limits are valid for duty cycles to 10% but must be derated 


for temperature. 

Tj(pk) may be calculated from the data in Figure 7. At 
high case temperatures, see Figure 9, thermal limitations will 
reduce the current that can be handled to values less than 
the limitations imposed by second breakdown. Second break- 
down limitations do derate the same as thermal limitations. 
Allowable current at the voltages shown on Figure 8 may be 
found at any case temperature by derating linearly to 200°C. 


FORWARD BIASED SAFE OPERATING AREA 




VcE, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 


VcE, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 


FIGURE 10 - CE DIODE CHARACTERISTICS 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


2N6386 

2N6387 

2N8388 


PLASTIC MEDIUM-POWER 
SILICON TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain - 

hpE = 2500 (Typ) @ Iq = 4.0 Adc 

• Collector-Emitter Sustaining Voltage - @ 100 mAdc 

VcEO(sus) = 40 Vdc (Min) - 2N6386 
= 60 Vdc (Min) - 2N6387 
= 80 Vdc (Min) - 2N6388 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 2.0 Vdc (Max) @ Iq = 3.0 Adc - 2N6386 

= 2.0 Vdc (Max) @ Iq = 5.0 Adc - 2N6387, 2N6388 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 

• TO-220AB Compact Package 

• TO-66 Leadform Also Available 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N6386 

2N6387 

2N6388 


Collector-Emitter Voltage 

VCEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

VcB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 


Vdc 


Collector Current — Continuous 

Peak 

•c 

8.0 

15 

10 

15 

10 

15 


Base Current 

*B 




Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 


Watts 

\N/°C 

0.52 ► 

Total Power Dissipation @ T/\ = 25°C 
Derate above 25°C 

Pd 


Watts 

W/OC 


Operating and Storage Junction, 
Temperature Range 

Tj. Tjtg 


m 



THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rfljc 

1.92 

OC/W 

Thermal Resistance, Junction to Ambient 

RflJA 

62.5 

OC/W 



DARLINGTON 

8 AND 10 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

40-00-80 VOLTS 
65 WATTS 




NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1962. 

2. CONTROLLING DIMENSION: INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED, 


STYLE 1: 

PIN 1. BASE 

2. COLLEaOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-04 


DM 

mm 

ETERS 

MCI 

RES 

MM 

MAX 

MM 

MAX 

A 

14.48 

15.75 

0.570 

0.620 

5 

9.66 

10.28 

0.380 

0.405 

c 

4.07 

4.82 

0.160 

0.190 

Q 

0.64 

0.88 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

6 

2,42 

2.66 

0.095 

0.105 

H 

2.80 

3.93 

0.110 

0.155 


0.46 

0.71 

0.018 

0.028 . 

K 

12,70 

14.27 

0.500 

0.562 

L 

1.15 

1.39 

0.045 

0.055 

N 

4.83 

5.33 

0.190 

0.210 

_Q_ 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.060 

0.110 

s 

1.15 

1.39 

0.045 

0.055 

T 

5.97 

6.47 

0.235 

0.255 

u 

0.00 

1.27 

0.000 

0.050 

V 

1.15 

_ 

0.045 

_ 

z 

- 

2.04 


0.080 


TO-220AB 


3 
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2N6386 2N6387 2N6388 NPN 


*ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

[ Charectfistic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

VcEO(sus) 




dc = 200 mAdc. Ib = 0) 2N6386 


40 

- 


2N6387 


60 

- 


2N6388 


80 

- 


Collector Cutoff Current 

•CEO 




(VcE = 40 Vdc, Ib = 0) 2N6386 


■ - , 



(VcE =60 Vdc, Ib =0) 2N6387 





(VcE = 80 Vdc. Ib = 0) 2N6388 


- 



Collector Cutoff Current 

•CEX 



MAdc 

(VcE = 40 Vdc. VEB{off) = -5 Vdc) 2N6386 


- 

300 


(VcE = 60 Vdc, VEB(off) = ^ -5 Vdc) 2N6387 


_ 

300 


(VcE = 80 Vdc, VEB(off) = ^ -5 Vdc) 2N6388 


- 

300 


(VcE = 40 Vdc, VEB(off) = 1 -5 Vdc, Tc = 125°C) 2N6386 


- 

3.0 

mAdc 

(VcE = 60 Vdc, VEBioff) = l -S Vdc. Tq = 125^0 2N6387 


- 



(VcE = 80 Vdc, VEB(off) = 1 -5 Vdc, Tq = 125®C) 2N6388 


- 

3.0 


Emitter Cutoff Current 

•ebo 

_ 

5.0 

mAdc 

(Vbe = 5.0 Vdc, Ic = 0) 






ON CHARACTERISTICS (1) 


DC Current Gain 

dc = 3.0 Adc, VcE = 3.0 Vdc) 
dc = 5.0 Adc, VcE = 3.0 Vdc) 
dc = 8.0 Adc, VcE = 3.0 Vdc) 
dc = 10 Adc, VcE =3.0 Vdc) 

2N6386 

2N6387, 2N6388 
2N6386 

2N6387, 2N6388 

hPE 

1000 

1000 

100 

100 

20000 

20000 


Collector-Emitter Saturation Voltage 


VcE(sat) 



Vdc 

dc = 3.0 Adc, IB = 0.006 Adc) 

2N6386 


_ 

2.0 


dc = 5.0 Adc, Ib = 0.01 Adc) 

2N6387, 2N6388 


_ , 

2.0 


dc = 8.0 Adc. Ib = 0.08 Adc) 

2N6386 


- 

3.0 


dc = 10 Adc, Ib = 0.1 Adc) 

2N6387. 2N6388 


- , 

3.0 


Base-Emitter On Voltage 


VBE(on) 



Vdc 

dc = 3.0 Adc, VcE = 3.0 Vdc) 

2N6386 


- 

2.8 


dc = 5.0 Adc, VcE = 3.0 Vdc) 

2N6387, 2N6388 


- 

2.8 


dc = 8.0 Adc, VcE = 3.0 Vdc) 

2N6386 


_ 

4.5 


dc = 10Adc,VcE=3.0 Vdc) 

2N6387. 2N6388 


- 

4.5 



dynamic CHARACTERISTICS 


Small-Signal Current Gain 

dc = 1 .0 Adc, VcE = 5.0 Vdc, ftest = 1 0 MHz) 

Ihfel 

20 

- 


Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cob 

- 

200 

pF 

Small-Signal Current Gain 

dc = 10 Adc, VcE = 5.0 Vdc, f = 1 .0 kHz) 

^^fe 

1000 

- 

- 


* Indicates JEDEC Registered Data 

(1 ) Pulse Test: Pulse Width < 300 ns, Duty Cycle < 2.0%. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 
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FIGURE 4 - THERMAL RESPONSE 
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FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



THERMALLY LIMITED 


CURVES APPLY BELOW RATED Vceo 


2.0 4.0 6.0 10 20 40 60 

VpE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p(^) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) < 150°C. Tj(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 


FIGURE 6 - SMALL-SIGNAL CURRENT GAIN 


FIGURE 7 - CAPACITANCE 
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Ic, COLLECTOR CURRENT (/iA) V, VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 
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IC, COLLECTOR CURRENT (AMP) 'B. BASE CURRENT (mA) 
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FIGURE 12 - COLLECTOR CUT-OFF REGION FIGURE 13 - DARLINGTON SCHEMATIC 




Vbe, base emitter voltage (VOLTS) 




MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



HIGH-POWER PNP SILICON TRANSISTORS 

...designed for use in industrial-military power amplifier and 
switching circuit applications. 

• High Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 80 Vdc (Min) - 2N6436 
= 100 Vdc (Min) - 2N6437 
= 120 Vdc (Min) - 2N6438 

• High DC Current Gain - 

hpE = 20-80 @ Ic = 10 Adc 
= 12 (Min) @ lc = 25 Adc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 10 Vdc (Max) @ Iq = 10 Adc 

• Fast Switching Times @ Iq = 10 Adc 

tr = 0.3 /is (Max) 
ts = 1.0 /is (Max) 
tf = 0.25 /is (Max) 

• Complement to NPN 2N6338 thru 2N6341 


*MAXIMUM RATINGS 


Rating 

Symbol 

2N6436 

2N6437 

2N6438 

Unit 

Collector-Base Voltage 

VCB 

100 

120 

140 

Vdc 

Collector-Emitter Voltage 

VCEO 

80 

100 

120 

Vdc 

Emitter-Base Voltage 

veb 

^ 6.0 

Vdc 

Collector Current — Continuous 

Peak 

•c 

25 

50 

Adc 

Base Current 

'b 

10 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

200 

1.14 

Watts 

W/OC 

Operating and Storage Junction 
Temperature Range 

7jTstg 

■■ --65 to +200 ^ 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

"«JC 

0.875 

°C/\N 


* Indicates JEDEC Registered Data. 




2N6436 

2N6437, 2N6438 


25 AMPERE 
POWER TRANSISTORS 
PNP SILICON 

80, 100, 120 VOLTS 
200 WATTS 




STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES II 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

_ 

1.550 

B 

_ 

21.08 

_ 

0.830 

C 

6.35 

7.62 

a250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

tt 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 

- 

1.050 

U 

2.54 

3.05 

0.100 

0.120 


NOTES: 

1. ALL RULES AND NOTES ASSOCIATED WITH 
REFERENCED TO-3 OUTLINE SHALL APPLY. 
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2N6436, 2N6437, 2N6438 


^ELECTRICAL CHARACTERISTICS (Tr = 25°C unless otherwise noted) 


Characteristic 

OFF CHARACTERISTICS 


Collector-Emitter Sustaihing Voltage (1) VCE 


(lc = SaimAdcJlB ^ 6) 

2N6436 

2N6437 

2N6438 

Collector Cutoff Current 


(VcE “ 46 Vdc, Ib = 0) 

2N6436 

(VcE “ 50 Vdc, Ib = 0) 

2N6437 

(Vce = 60 Vdc,lB = 0) 

2N6438 

Collector Cutoff Current 


(VcE = 90 Vdc, VBE(off) = -1-5 Vdc) 

2N6436 

(VcE = 110 Vdc, VBE(off) = -1-5 Vdc) 

2N6437 

IVCE = 130 Vdc, VBE(off) = -l -S Vdc) 

2N6438 

(VcE = 80 Vdc, VBE(off) = -15 Vdc, 

2N6436 

Tc=150°C) 


(VcE= 100 Vdc, VBE(off) = -1-5 Vdc, 

2N6437 

Tc= 150°C) 


(VcE = 120 Vdc, VBE(off) = -1-5 Vdc, 

2N6438 

Tc= 150°C) 


Collector Cutoff Current 


(VcB = 100 Vdc, Ie = 0) 

2N6436 

(VcB = 120 Vdc, Ie = 0) 

2N6437 

(VcB = 140 Vdc, Ie =0) 

2N6438 


Emitter Cutoff Current 
{Veb = 6.0 Vdc, 1^ = 0) 

ON CHARACTERISTICS 
DC Current Gain (1 ) 

(IC = 0.5Adc, VcE= 2.0 Vdc) 

(IC= 10Adc, VcE= 2.0 Vdc) 

(IC = 25Adc. VcE= 2.0 Vdc) 

Collector-Emitter Saturation Voltage (1) 
dC = 10 Adc, Ib= ^ OAdc) 
dc = 25Adc, Ib = 2.5 Adc) 

Base-Emitter Saturation Voltage (1) 

(IC= 10 Adc, Ib = 1.0 Adc) 

(IC = 25Adc, Ib = 2.5Adc) 

DYNAMIC CHARACTERISTICS 
Current-Gain — Bandwidth Product 
dc = 1 .0 Adc, VcE = 10 Vdc, ftest = 10 MHz) 

Output Capacitance 
(VcE = 10 Vdc, Ie = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Rise Time 

(Vcc = 80 Vdc, Ic = 10 A, VBE(off) = 6.0 Vdc, Ibi = 10 Adc) 

Storage 

(Vcc = 80 Vdc, Ic = 10 A, VBE(off) = 6.0 Vdc, Ibi = 182 = 10 Adc) 
Fall Time 

(Vcc~80 Vdc, lc = 10A,VBE{off) =6.0 Vdc, Ibi =Ib 2~ 1-0 Adc) 
'Indicates JEDEC Registered Data. 

<1) Pulse Test: Pulse Width <300 /is; Duty Cycle <2.0%. 




FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

Vcc 


FIGURE 3 - TURN-ON TIME 


^-f 


tr,tf<10ns 

Duty Cycle = 1.0% 


Mote: For information on Figures 3 and 6, Rb and Rc vwere 
varied to obtain desired test conditions. 
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2N6436, 2N6437, 2N6438 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

VcE' COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate Ic ^cE •'^nits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tjip^) = 200°C; T^ is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|^) ^ 200°C. Tj(p|^) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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FIGURE 7 - CAPACITANCE 
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IC.MLLECTOR CURRENT (/iA) V, VOLTAGE (VOLTS) hpE. DC CURRENT GAIN 


2N6436, 2N6437, 2N6438 












MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general-purpose amplifier and switching 
applications. 

• DC Current Gain Specified to 1 5 Amperes 

hFE = 20-150@lc = 5.0 Adc 
= 5.0 (Min)@lc=15Adc 

• Collector-Emitter Sustaining Voltage — 

VCEO (sps) = 40 Vdc (Min) - 2N6486, 2N6489 
= 60 Vdc (Min) - 2N6487, 2N6490 
= 80 Vdc (Min) - 2N6488. 2N6491 

• High Current Gain - Bandwidth Product 

fT = 5.0 MHz (Min) @ Iq = 1 .0 Adc 

• TO-220AB Compact Package 

• TO-66 Leadform Also Available 

MAXIMUM RATINGS 

Rating Symbol 


Collector-Emitter voltage ^ 60 80 

Collector-Base Voltage V^b 50 70 90 

Emitter-Base Voltage 5.0 

Collector Current — Continuous Ic 15 ► - 

Base Current Ib 5.0 - ~ — 

Total Power Dissipation Pq 

@ Tc = 25°C — 75 ► V 

Derate above 25°C 0.6 ► V 

Total Power Dissipation Pq 

@ Ta = 25OC 1 .8 ► V 

Derate above 25°C 0.014 V 

Operating and Storage Junction ^ ^ 

IJ, I cto DO to +10U ► 

Temperature Range ^ 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.67 

®C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

70 

°c/w 

Indicates JEDEC Registered Data 


FIGURE 1 - POWER DERATING 
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15 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

40-60-80 VOLTS 
75 WATTS 







NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.SM, 1962. 

2. CONTROLLING DIMENSION; INCH. 

?. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


K 12.70 14.27 

L 1.15 1.39 

N 4.83 S.33 

0 2.S4 3.04 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


I 60 80 100 120 140 

Tc, CASE TEMPERATURE (OC) 


CASE 221A-04 
TO-220AB 
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2N6486 2N6487 2N6488 NPN 
2N6489 2N64gO 2N64gi PNP 


^ELECTRICAL CHARACTERISTICS (Tq = 25®C unless otherwise noted.) 

] Characteristic | Symbol | Min j Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

VcEO(sus) 



Vdc 

dC = 200 mAdc, Ig = 0) 2N6486, 2N6489 


40 

- 


2N6487, 2N6490 


60 

— 


2N^88, 2N6491 


80 

- 


Collector-Emitter Sustaining Voltage (1 ) i 

VCEX 



Vdc 

dC = 200 mAdc, VgE = 1 -5 Vdc) 2N6486, 2N6489 1 


50 

- 


2N6487, 2N6490 


70 

- 


2N6488. 2N6491 | 


90 

- 


Collector Cutoff Current , 

•CEO 



mAdc 

(VcE = 20 Vdc, Ig =0) 2N6486, 2N6489 


- 

1.0 


(VcE = 30 Vdc, 1 g = 0) 2N6487. 2N6490 


- 

1.0 


(VcE = 40Vdc, lg=0) 2N6488, 2N6491 


- 

1.0 


Collector Cutoff Current 

•CEX 



MAdc 

(VcE = 45 Vdc, Vggioff ) = 1 .5 Vdc) 2N6486, 2N6489 


- 

500 


(VcE = 65 Vdc, VEg(off) = 1 .5 Vdc) 2N6487, 2N6490 


- 

500 


(VoE = 85 Vdc, VEB(off) = 1 -5 Vdc) 2N6488, 2N6491 


- 

500 


(VcE = 40 Vdc, VEB(off) = I -5 Vdc, Tq = 1 50°C) 2N6486, 2N6489 


- 

5.0 

mAdc 

(Vqe = 60 Vdc, VEB(off) = 1 -5 Vdc, Tc = 1 SO^C) 2N6487, 2N6490 


- 

5.0 


(VcE = 80 Vdc, VEB(off) = 1 -5 Vdc, Tc = 1 BO^C) 2N6488, 2N6491 


- 

5.0 


Emitter Cutoff Current 

*EBO 

- 

1.0 

mAdc 

(VgE = 5.0 Vdc, Ic = 0) 






ON CHARACTERISTICS 


DC Current Gain 

dC = 5.0 Adc, VcE = 4.0 Vdc) 
dC = 15 Adc, VcE = 4.0 Vdc) 

hpE 

20 

5.0 

150 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dc = 5.0 Adc, Ig = 0.5 Adc) 


- 

1.3 


dC = 15 Adc, Ig = 5.0 Adc) 


- . 

3.5 


Base-Emitter On Voltage 

VBE(on) 



Vdc 

dC = 5.0 Adc, VcE = 4.0 Vdc) 


- 

1.3 


dC = 1 5 Adc, VcE = 4.0 Vdc) 


- 

3.5 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product (2) 

dc = 1 .0 Adc, VcE = 4.0 Vdc, ftest = 1 0 MHz) 


5.0 

- 

MHz 

Small-Signal Current Gain 

dc = 1 .0 Adc, Vqe = 4.0 Vdc, f = 1 .0 kHz) 

hfe 

25 

- 

- 


* Indicates JED EC Registered Data. 

(1 )Pulse Test; Pulse Width < 300 ms. Duty Cycle < 2.0%. 
(2)f j = Ihf0| • ffest' 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

'^CC 
+30 V 



h-i 


J__ 

10 V 

ZJ 


R0 and Rq varied to obtain desired current levels. 
For PNP reverse all polarities. 


D1 must be fast recovery type, e.g.; 
MBD5300 used above Is « 100 mA 
MSD6100 used below Is « 100 mA 


FIGURE 3 - TURN-ON TIME 
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COLLECTOR CURRENT (AMP) 


2N6486 2N6487 2N6488 NPN 
2N6489 2N6490 2N6491 PNP 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING > 


- Tj = i5ooc ffqil 
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BONDING WIRE LIMITED ^ ^ 
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There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Ic'VcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(pk) = 150°C; is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) ^ 150°C. Tj(p|<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 


FIGURE 6 - TURN-OFF TIME 


Vcc = 30 V ' 
Ic/Ib = 10 . 
'bi = 'b2 : 

Tj = 250C ; 



IC, COLLECTOR CURRENT (AMP) 


Vr, reverse VOLTAGE (VOLTS) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N6497 

2N6498 


HIGH VOLTAGE NPN SILICON TOWER TRANSISTORS 


• • • designed for high voltage inverters, switching regulators and line- 
operated amplifier applications. Especially well suited for switching 
power supply applications. 

• High Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 250 Vdc (Min) - 2N6497 
= 300 Vdc (Min) - 2N6498 


• Excellent DC Current Gain — 

hFE= 10- 75@ lc= 2.5 Adc 

• Low Col lector- Emitter Saturation Voltage @ Ic = 2.5 Adc - 

VcE(sat) = 1.0 Vdc (Max) - 2N6497 
= 1.25 Vdc (Max) - 2N6498 


•MAXIMUM RATINGS 

Rating 

Symbol 

2N6497 

2N6498 

Unit 

Collector-Emitter Voltage 

VCEO 

250 

300 

Vdc 



350 

400 

Vdc 


DIH 

^ 6.0 ^ 

Vdc 


•c 

^ 5.0 ^ 

^ 10 ^ 

Adc 

Base Current 

'b 

^ 2.0 ^ 

Adc 

Total Power Dissipation @ Tq = 25°C 
Derate above 25^C 


^ 80 ^ 

^ 0.64 ^ 

Watts 

W/®C 

Operating and Storage Junction 
Temperature Range 

Tj.Tstg 

^ -65 to + 1 50 ► 

m. 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rejc 

1.56 

°C/W 

'Indicates JEDEC Registered Data. 





5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

250 & 300 VOLTS 
80 WATTS 




NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 


2. CONTROLLING DIMENSION: INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-04 
TO-220AB 


H 

B' 11'’ 


MO 

RES 

■TJi 


MW 

MAX 

n 


mfs 

0.570 

0.620 

n 

m3 

KEI 

0.380 

0.405 

n 

mai 


0.160 

0.190 

■a 

mni 

K3 

0.025 

0.035 

ir: 

3.61 

3.73 

0.142 

0.147 

mm 

msM 


0.095 

0.105 




0.110 

0.155 


0.46 

0.71 

0.018 

0.028 



UDfl 

0.500 

0.562 


1.15 

1.39 

0.045 

0.055 


mm 

mm 

0.190 

0.210 

mm 

2.54 

3M_ 

0.100 

0.120 


■^Tl 


0.000 

0.110 

n 

1.15 

1.39. 

0.045 

0.055 




0.235 

0.255 

u 

0.00 

1.27 

0.000 

0.050 

V 

1.15 


0.045 


z 


2.04 


0.080 


3 
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2N6497, 2N6498 


♦ELECTRICAL CHARACTERISTICS (Tc = 25°C untess oiherwiM noted ) 



Charactsristic 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
(IC= 25 mAdc, Ib = 0) 


Symbol 




Collector Cutoff Current 

(VcE = 350 Vdc, VBe(off) = 

1 .5 Vdc) 

2N6497 

(VcB = 400 Vdc, VBE(off) = 

1.5 Vdc) 

2N6498 

(VcE = 1 75 Vdc, VBEIoff ) = 

1.5 Vdc, Tc= 100OC) 

2N6497 

(VcE= 200Vdc,VBE(off) = 

1.5 Vdc,Tc= 100°C) 

2N6498 


Emitter Cutoff Current 
(Vbe = 6 0 Vdc, lc= 0) 


ON CHARACTERISTICS (1) 


DC Current Gain 

dC = 2.5 Adc, VcE = 10 Vdc) 
dc = 5.0 Adc. VcE = 10 Vdc) 


Collector-Emitter Saturation Voltage 
dc = 2.5 Adc, Ib = 500 mAdc) 

2N6497 

dc = 5.0Adc. lB = 2.0Adc) 

2N6498 

All Devices 

Base-Emitter Saturation Voltage 
dc = 2.5 Adc, Ib = 500 mAdc) 
dc = 5.0 Adc, Ifl = 2.0 Adc) 




DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

dc = 250 mAdc, VcE = 10 Vdc. f = 1 .0 MHz) 

It 

5.0 

- 

- 

MHz 

Output Capacitance 

(VcB = 10 Vdc. Ie = 0. f = 100 kHz) 

Cob 

~ 

~ 

150 

pF 

SWITCHING CHARACTERISTICS 

Rise Time 

(Vcc = 1 25 Vdc. Ic = 2.5 Adc, Ibi = 0.5 Adc) 

tr 

■■ ~ 

0.4 

1.0 

MS 

Storage Time 

(Vcc = 125 Vdc. Ic = 2.5 Adc. Vbe = 5.0 Vdc. Ibi = Ib 2 = 0.5 Adc) 

ts 

~ 

1.4 

2.5 

MS 


Fall Time 

(Vcc= 125 Vdc, lc= 2.5 Adc, Ibi = Ib 2= 0.5 Adc) 


*lndicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 


FIGURE 2 - TURN-ON TIME 
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MOTOROLA 

■I SEMICONDUCTOR 

TECHNICAL DATA 


2N6543 




SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

This device is designed for high-voltage, high-speed, power 
switching inductive circuits where fall time is critical. It is particu- 
larly suited for 1 15 and 200 volt line operated SWITCHMODE appli- 
cations such as: 

• Switching Regulators 

• PWM Inverters and Motor Controls 

• Solenoid and Relay Drivers 

• Deflection Circuits 
Specification Features — 

High Temperature Performance Specified for: 

Reversed Biased SOA with Inductive Loads O- 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



1 *IV!AXIIVIUM RATINGS I 

Rating 

Symbol 

2N6543 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

400 

Vdc 

Collector-Emitter Voltage 

VcEX(sus) 

450 

Vdc 

Collector-Emitter Voltage 

VCEV 

850 

Vdc 

Emitter Base Voltage 

< 

m 

CD 

8.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

- Peak (1) 

'CM 

10 


Base Current — Continuous 

•b 

5.0 

Adc 

- Peak (1 ) 

•bm 

10 


Emitter Current — Continuous 

'E 

10 

Adc 

-Peakd) 

'em 

20 


Total Power Dissipation @ Tq = 25°C 

Pd 

100 

Watts 

@Tc= lOO^C 


57.2 


Derate above 25°C 


0.57 

W/OC 

Operating and Storage Junction 

^jT’stg 

-65 to +200 

OC 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.75 

OC/W 

Maximum Lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds 

Tl 

275 

°C 

*lndicatesJEDEC Registered Data 

(1 ) Pulse Test; Pulse Width = 5 ms, Duty Cycle < 10%. 


5 AMPERE 

NPN SILICON 
POWER TRANSISTOR 

400 VOLTS 
100 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 



CASE COLLECTOR 


' NOTES; 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. [T] IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q: 

I » I ».13 (0.005)® I T I V© I 

FOR LEADS: 

I 4 j ».13 (0.005)(5)T I V® I 0©| 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 


DIM 

MILLIMETERS 1 

INCHES 

MIN 

MAX 

MIN 1 MAX 

A 

- 1 

39.37 

- 1 1.550 

B 


21.08 

0.830 

C 

6.35 

7.62 

0.250 0.300 

0 

0.97 

1.09 

0.038 0.043 

E 

1.40 

1.78 

0.055 1 0.070 

F 

30.1! 

>BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.66! 

)BSC 

K 

11.18 1 12.19 

0.440 

0.480 

Q 

3.81 4.19 

0.150 

0.165 

R 

26.67 

- 

1.050 

u 

4.83 5.33 

0.190 

0.210 


3.81 1 4.19 

0.150 

0.165 


CASE 105 
TO-204AA 


3 
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2N6543 


*ELECTRICAL CHARACTERISTICS (Tp = 25^0 unless otherwise noted.) 

Chfacttrigtic | Symbol | Min | Max \ Unit ] 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage (Table 2) 

(IC= 100mA. Ib- 0» 

VcEO(sus) 

400 

- 

Vdc 

Collector-Emitter Sustaining Voltage (Table 2, Figure 12) 

VcEX(sus) 



Vdc 

(IC= 2.6 A. Vciamp* VCEX Tc * 100^0 



“ 


dC = 5.0 Adc. Vciamp = VcEO "100 V. 



- 


Tc = 100°C) 



- 


Collector Cutoff Current 

'CEV 



mAdc 

(VcEV = Rated Value, V0E(off) = 1.5 Vdc) 


- 

0.5 


(VcEV ■ Rated Value, VsEjoff) = 1.5 Vdc, T^ = 1(X)°C) 


- 

3.0 


Collector Cutoff Current 

•CER 

- 

3.0 

mAdc 

<VcE = Rated VcEV. RbE = 50 SI, Tc = 100^0 





Emitter Cutoff Current 

'ebo 

_ 

1.0 

mAdc 

(Veb = 8.0 Vdc. Ic = 0) 






SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 
t = 1 .0 s (non-repetitive) (Vqe ~ 100 Vdc) 

'S/b 


Adc 

Clamped Inductive SOA with base reverse biased 

RBSOA 

(See Figure 12) 



ON CHARACTERISTICS (1) 


DC Current Gain 

dC = 1.5 Adc, VcE = 2.0 Vdc) 
dc = 3.0 Adc, VcE = 2.0 Vdc) 

hpE 




Collector-Emitter Saturation Voltage 

VcE(sat) 




dc = 3.0Adc, Ib = 0.6 Adc) 


- 



dc = 5.0Adc, Ib = I.OAdc) 


- 



(1 C = 3.0 Adc, 1 B = 0.6 Adc, Tc = 1 00°C) 


- 



Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dC= 3.0Adc, Ib = 0.6 Adc) 


- . 

1.4 


dc = 3.0 Adc. Ib = 0.6 Adc. Tc = ioo°c) 


- 

1.4 



DYNAMIC CHARACTERISTICS 



Current-Gain - Bandwidth Product 

dc = 2(X) mAdc, VcE = 10 Vdc, f test "" 1 0 MHz) 

It 

6.0 

28 

MHz 

Output Capacitance 

( VcB = 10 Vdc. lE = 0. ftest = 1 0 MHz) 

Oob 

50 

200 

pF 


Resistive Load (Table 2) | 

Delay Time 

(Vcc 250 Vdc, Ic 3.0 A, 

'B1 = 'B2 0.6 A, tp= IOOms, 

Duty Cycle < 2.0%) 

td 

- 

0.05 

MS 

Rise Time 

tr 

- 

0.7 

MS 

Storage Time 

.... 

- 

4.0 

MS 

Fall Time 

tr 

- 

0.8 

MS 



Typ 

Max 

Unit 

Storage Time 

dc = 3.0 A(pk), Vciamp = Rated VcEX- 

iBi = 0.6 A, VBE(off) = 5.0 Vdc , Tc = 100°C) 

tsv 

- 

4.0 

MS 

Crossover Time 

tc 

0.6 

- 

MS 

Fall Time 

tfi 


0.8 

MS 

Storage Time 

(Ic = 3.0 A(pk), Vciamp == Rated VcEX- 
Ibi =0.6 a. VBE(off) = 5.0 Vdc. Tc = 250C) 

tsv 

0.8 

- 

MS 

Crossover Time 

tc 

0.3 

- 

MS 

Fall Time 

tfi 

0.2 

- 

MS 


’Indicates JEOEC Registered Data. 

(1 ) Pulse Test: Pulse Width = 300 ms. Duty Cycle ^ 2%. 
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Ic, COLLECTOR CURRENT l/iA) V, VOLTAGE (VO LTS) hpE. DC CURRENT GAIN 
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FIGURE 3 - "ON" VOLTAGE 
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FIGURE 5 - COLLECTOR CUTOFF REGION 
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VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 







t. TIME (ns) 


2N6543 


3 



TIME 


TABLE 1 - INDUCTIVE SWITCHING 
PERFORMANCE 


•c 

Is 


trv 

tfi 

tti 

tc 

(A) 

OC 

MS 

MS 

MS 

MS 

MS 

1.0 

25 

0.70 

0.22 

0.21 

0.23 

0.66 


100 

1 .20 

0.37 

0.19 

0.39 

0.95 

3.0 

25 

1.10 

0.09 

0.12 

0.08 

0.29 


100 

1.60 

0.42 

0.19 

0.40 

1.01 

5.0 

25 

1.10 

0.16 

0.19 

0.11 

0.46 


100 

1.70 

0.45 

0.37 

0.26 

1.08 


Note: All Data Recorded in the Inductive Switching 
Circuit Shown in Table 2. 


SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% Vdamp 
trv = Voltage Rise Time, 10-90% Vdamp 
tfj = Current Fall Time, 90 — 10% Ic 
tti = Current Tail, 10-2% Iq 
tc = Crossover Time, 10% Vdamp to 10% Iq 
A n enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PSWT= 1/2 Vcclc<^c)^ 

In general, trv + tfj — t^. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a “SWITCHMODE" transistor are 
the inductive switching speeds (tc and t^y) which are 
guaranteed at 100°C. 


RESISTIVE SWITCHING PERFORMANCE 

FIGURE 8 - TURN-ON TIME FIGURE 9 - TURN-OFF TIME 
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(t). EFFECTIVE TRANSIENT THERMAL 
RESISTANCE (NORMALIZED) 


2N6543 


TABLE 2 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



FIGURE 10 - THERMAL RESPONSE 



TIME (ms) 







2N6543 


The Safe Operating Area figures shown in Figures 11 and 12 are 
specified ratings for these devices under the test conditions shown. 




0 40 80 120 160 200 


Tc.CASE TEMPERATURE (OC) 


SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor; average junction temperature and second 
breakdown. Safe operating area curves indicate Iq-VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on Tq = 25°C; Tj{p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve 
on Figure 13. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current condition allowable during reverse biased 
turn-off. This rating is verified under clamped conditions 
so that the device is never subjected to an avalanche 
mode. Figure 12 gives the complete RBSOA characteris- 
tics. 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


Designers Data Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTOR 

The 2N6545 transistor Is designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. It is 
particularly suited for 115 and 220 volt line operated switch-mode 
applications such as: 

• Switching Regulators 

• PWM Inverters and Motor Controls 

• Solenoid and Relay Drivers 

• Deflection Circuits 
Specification Features — 

High Temperature Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



^MAXIMUM RATINGS 

Rating 

Symbol 

2N6545 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

400 

Vdc 

Collector-Emitter Voltage 

VcEX(sus) 

450 

Vdc 

Collector-Emitter Voltage 

^CEV 

850 

Vdc 

Emitter Base Voltage 

Veb 

9.0 

Vdc 

Collector Current — Continuous 

*C 

8.0 

Adc 

- Peak (1) 

•cm 

16 


Base Current — Continuous 

'b 

8.0 

Adc 

- Peak (1) 

•bm 

16 


Emitter Current — Continuous 

'e 

16 

Adc 

- Peak (1 ) 

'em 

32 


Total Power Dissipation @ Tq = 25°C 

Pd 

125 

Watts 

@Tc= IOQOC 

71.5 


Derate above 25°C 


0.714 

w/oc 

Operating and Storage Junction 

^J'^stg 

-65 to -F200 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.4 

oc/w 

Maximum Lead Temperature for Soldering 
Purposes: 1/8” from Case for 5 Seconds 

Tl 

275 

°C 

•Indicates JEDEC Registered Data 

(1 ) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. 


2N6545 


8 AMPERE 
NPN SILICON 
POWER TRANSISTOR 

400 VOLTS 
125 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 



NOTES: 

1. DIMENSIONS 0 AND V ARE DATUMS. 

2. GD IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q: 

I ■» I >.13(0.005)© I T I V0 I 

FOR LEADS: 

j 4 I |.13(0.005)©T I V© I Q®] 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.6, 1973. 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

np 

- 

21.08 


0.830 

c 

6.35 

7.62 

0.250 

0,300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

TosT 

0.070 

F 

30.15 BSC 

1.18 

BSC 

G 

10.92 BSC 

0.43 

IBSC 

H 

5.46 BSC 

0.21 

)BSC 

J 

16.8 

BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 

- 

1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.150 

0.165 


CASE 1-05 
TO-204AA 
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2N6545 


•ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

I Characfristic | Symbol \ Min | Max | Unit ~] 

OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 

dC “ 100 mA, 1 b = 0) 2N6545 

VcEO(sus) 

400 

_ 


Collector-Emitter Sustaining Voltage 

(IC * 4.5 A, Vciamp = Rated VcEX. Tq = 100°C) 

VcEX(sus) 

450 

- 

Vdc 

(IC = 8.0 A, Vciamp = Rated VcEO -100 V, 

Tc = 100®C) 


300 

- 


Collector Cutoff Current 

(VcEV - Rated Value, VBE(off) = 1.5 Vdc) 

(VcEV Rated Value, VBE(off) “ 1-5 Vdc, Tq = 100°c) 

'CEV 

- 

0.5 

2.5 

mAdc 

Collector Cutoff Current 

(VcE = Rated VceV- RbE = 50 n, Tq = 100°C) 

•CER 

— 

3.0 

mAdc 

Emitter Cutoff Current 
(Veb = 9 0 Vdc, lc = 0) 

>EBO 

- 

1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

'S/b 

0.2 

- 

Adc 

t= 1 .0 s (non-repetitive) (V^E - 100 Vdc) 





ON CHARACTERISTICS (1) 


DC Current Gain 

dc = 2.5 Adc, VcE = 3.0 Vdc) 
dc = 5.0 Adc, VcE = 3.0 Vdc) 

hpE 

12 

7.0 

60 

35 


Collector-Emitter Saturation Voltage 




Vdc 

dc = 5.0Adc, Ib = 1.0 Adc) 


- 

1.5 


dc= S.OAdc, Ib = 2.0 Adc) 


- 

5.0 


dc = 5.0 Adc, Ib = 1 .0 Adc, Tc = 100°C) 


- 

2.5 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dc= 5.0 Adc, Ib = 1.0 Adc) 


- 

1.6 


dc = 5.0 Adc, Ib = 1 .0 Adc, Tc = 100°C) 


- 

1.6 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(1 C = 300 mAdc, VcE = 1 0 Vdc. f test = 1 0 MHz) 

h 

6.0 

28 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, ftest= 10 MHz) 

Cob 

75 

300 

pF 


SWITCHING CHARACTERISTICS 


Resistive Loaci 1 

Delay Time 

(Vcc = 250 Vdc, Ic = 5.0 A, 

Ibi = Ib2 ‘• •0 A, tp = 100 MS, 

Duty Cycle < 2.0%) 

td 

- 

0.05 

MS 

Rise Time 

tr 

- 

1.0 

MS 

Storage Time 

ts 

- 

4.0 

MS 

Fall Time 

tf 

- 

1.0 

MS 

Inductive Load, Clamped j 

Storage Time 

dc = 5.0 A(pk), Vciamp = Rai®d VcEX» 

1bi = 1 .0 A, VBE(off) = 5.0 Vdc, Tc = 100OC) 

ts 

- 

4.0 

MS 

Fall Time 

tf 

- 

0.9 

MS 

Typical 1 

Storage Time 

dc = 5.0 A(pk), Vciamp = Rated VcEX' 

Ibi = 1.0 a, VBE(off) = 5.0 Vdc, Tc = 25^0 

ts 

1.2 

MS 

Fall Time 

tf 

0.18 

MS 


•Indicates JEDEC Registered Data. 

(1 ) Pulse Test: Pulse Width = 300 ms. Duty Cycle < 2%. 
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2N6545 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 8 - REVERSE BIAS SAFE 
OPERATING AREA 



VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 9 ~ POWER DERATING 



There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic— VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 7 is based on Tc = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on I Figure 7, may be found 
at any case temperature by using the appropriate curve on 
Figure ' 9i. 

Tj(pk) Riay be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the limi- 
tations imposed by second breakdown. The reverse biased 
safe operating area (Figures) is the boundary the load line 
may traverse during turn-off. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N6546 

2N6547 


Designers Dettst Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The 2N6546 and 2N6547 transistors are designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for 115 and 220 volt line op- 
erated switch-mode applications such as; 

• Switching Regulators 

• PWM Inverters and Motor Controls 

• Solenoid and Relay Drivers 

• Deflection Circuits 
Specification Features — 

High Temperature Performance Specified for; 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


^MAXIMUM RATINGS 

Rating 

Symbol 

2N6546 

2N6547 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

300 

400 

Vdc 

Collector-Emitter Voltage 

VcEX(sus) 

350 

450 

Vdc 

Collector-Emitter Voltage 

VcEV 

650 

850 

Vdc 

Emitter Base Voltage 

< 

m 

OD 

9.0 

Vdc 

Collector Current — Continuous 

•c 


15 

Adc 

- Peak (1) 

'CM 


30 


Base Current - Continuous 

'b 


10 

Adc 

- Peak (1 ) 

• bm 


20 


Emitter Current — Continuous 

ie 


25 

Adc 

-Peak (1) 

'EM 


50 


Total Power Dissipation @ Tq = 25°C 

Pd 


175 

Watts 

@Tq= 100°C 



100 


Derate above 25°C 



1.0 

W/OC 

Operating and Storage Junction 

^jTstg 


-65 to +200 

OC 

Temperature Range 






THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

1.0 

°C/W 

Maximum Lead Temperature for Soldering 

Tl 


275 

OC 

Purposes: 1/8" from Case for 5 Seconds 







•Indicates JEDEC Registered Data 
(1) Pulse Test: Pulse Width = 5.0 ms, Duty Cycle < 10%. 



15 AMPERE 
NPN SILICON 
POWER TRANSISTORS 

300 and 400 VOLTS 
175 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 



STYLE 1 



]. DIMENSIONS Q AND V ARE DATUMS. 

2. GD is seating plane and datum. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q. 

I ♦ I ».13 (0.005)0 I T Iv'^ 

FOR LEADS: 

I 4 I ».13(0.005>©T I V©| 0® | 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 1 MAX 

~ir 

- 

39.37 

- 1 1.550 


- 

21.08 

- 1 0.830 

“c^ 

6.35 

, 7.62 

0.250 1 0.300 

D 

0.97 

1.09 

0.038 1 0.043 

E 

1.40 

1.78 

o.iJ^i 1 o!o7o 


30.1 

BSC 

1.187 BSC 


10.9 

BSC 

0.430 BSC 

H 

5.4 

BSC 

0.215 BSC 

J 

16.8i 

)BSC . 

0.665 BSC 

K 

11.18 

12.19 

0.4401 0.480 

Q 

3.81 

4.19 

0.1501 0.165 

R 


26.67 1 

- 1 1.050 

U 

4.83 

5.33 

0.190 0.210 

V 

3.81 

4.19 ! 

0.150 1 0.165 


3 


CASE 105 
TO-204AA 





2N6546, 2N6547 


•ELECTRICAL CHARACTER ISTICS (Tc = 25°C unless otherwise noted.) 

I Characteristic J Symbol ] Min j Max ] Unit 

OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 
dc = 100 mA, Ib = 0) 

2IM6546 

2N6547 

VcEO(sus) 

300 

400 

1 1 

Vdc 

Collector-Emitter Sustaining Voltage 


VcEX(sus) 



Vdc 

dc = 8.0 A, Vciamp = VcEX- ^C = 100°C) 

2N6546 


350 




2N6547 


450 

- 


dc = 15 A, Vciamp = VceQ-IOOV. 

2N6546 


200 

- 


Tc=100°C) 

2N6547 


300 

- 


Collector Cutoff Current 


'CEV 



mAdc 

(VcEV ■ Rated Value, VBE(off) " Vdc) 



- 

1.0 


(VcEV = Rated Value, VeEjoff) = Vdc, Tc = 100^0 



- 

4.0 


Collector Cutoff Current 


•CER 

- 

5.0 

mAdc 

(VcE = Rated Vcev- RbE = 50 H, Tc = 100°C) 






Emitter Cutoff Current 


'ebo 

- 

1.0 

mAdc 

(Veb = 9.0 Vdc, Ic = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

'S/b 

0.2 

- 

Adc 

t = 1 .0 s (non-repetitive) (VcE = 100 Vdc) 






ON CHARACTERISTICS (1) 


DC Current Gain 

dc - 5.0 Adc, VcE = 2.0 Vdc) 
dc = 10 Adc, VcE ~ 2.0 Vdc) 

hPE 

12 

6.0 



Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dc = 10 Adc, Ib = 2.0 Adc) 


- 

1.5 


dc = 15 Adc, Ib = 3.0 Adc) 


- 

5.0 


dc = 10 Adc. Ib = 2.0 Adc, Tc = 100°C) 


- 

2.5 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dc= lOAdc, lB = 2.0Adc) 


- 

1.6 


dc = 10 Adc, Ib = 2.0 Adc, Tc = 100°C 


- 

1.6 

: 1 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

dc = 500 mAdc, VcE = 10 Vdc, ftest = 10 MHz) 

fT 

6.0 

28 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, ftest ^" ■'•O MHz) 

Oob 

125 

500 



SWITCHING CHARACTERISTICS 


Resistive Load _ , j 

Delay Time 

(Vcc = 250 V, Ic = 10 A, 

*B1 “ •b 2 ■ 2.0 A, tp = 100 ms, 

Duty Cycle < 2.0%) 

td 

- 

0.05 

MS 

Rise Time 

tr 

- 

1.0 

MS 

Storage Time 

ts 

- 

4.0 


Fall Time 

tf 

- 

0.7 

MS 

Inductive Load, Clamped ] 



Storage Time 

dc " 10 A(pk), Vciamp = Rated VcEX- 'b1 2.0 A, 

• VBE(off) = 5.0 Vdc, Tc = lOOOC) 

Is 

- 

5.0 

MS 

Fall Time 

tf 

~ 

1.5 

MS 

Typical 1 

Storage Time 

dc = 10 A(pk), Vciamp = Rated Vcex- 'b 1 = 2.0 A, 
VBE(off) = 5:0 Vdc. Tc = 2500 

ts 

2.0 

MS 

Fall Time 

tf 

0.09 

MS 


*lndicates JEDEC Registered Data. 

(1 ) Fuse Test; Pulse Width = 300 ms, Duty Cycle = 2%. 


3^240 































































Ic, COLLECTOR CUR 


2IM6546, 2N6547 


MAXIMUM RATED SAFE OPERATING AREAS 


FIGURE 7 - FORWARD BIAS SAFE OPERATING AREA 

SO,.' , T T I-I r— r r r - i -r -n i ^ 1 rx— i 


FIGURES - REVERSE BIAS SAFE 
OPERATING AREA 

TURN OFF LOAD LINE P 

-BOUNDARY FOR 2N6547.- ^ 

F0R2N6546,VcE0AND 

16 -vcexare 100 volts less. 


n-L BONDING WIRE LIMIT IlZs 

THERMAL LIMIT 

O-lfe (SINGLE PULSE) 1^.14- 

O.OSF ^ SECOND BREAKDOWN LIMITS 


O OlL CURVES APPLY BELOW RATED VcEO ^ 2N6547 S=-4-H 

0.005 r-t I... 1.. ii. Li r 1 111 - -t— ■ 

5.0 7.0 10 20 30 50 70 100 200 300 400 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 








VBE(off)<5V 1 


C ^ iuu“u r 

^ 

_ 




VcE, COLLECTOR-EMITTER VOLTAGE 'VOLTS) 


FIGURE 9 - POWER DERATING 



Tc.CASE TEMPERATURE (OC) 


There are two limitations on the power handling ability 
of a transistor; average junction temperature and second 
breakdown. Safe operating area curves indicate Ic~V(]E 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 7 is based on Tc = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 7 may be found 
at any case temperature by using the appropriate curve on 
Figure 9. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


FIGURE 10- THERMAL RESPONSE 


JITL 


READ TIME AT ti 


Tj(pk)-Tc = P(pk)Z0JC(t) 


DUTY CYCLE, D = ti/t2 










MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2N6576 

2N6577 

2N6578 


IVIPN SILICON POWER DARLINGTON TRANSISTORS 

General-purpose EpiBase power Darlington transistors, suitable for 
linear and switching applications. 

• Replacement for 2N3055 and Driver 

• High Gain Darlington Performance 

• Built-In Diode Protection for Reverse Polarity Protection 

• Can Be Driven from Low-Level Logic 

• Popular Voltage Range 

• Operating Range — 65 to -»-200®C 


15 AMPERE 
POWER TRANSISTORS 

NPN SILICON 
DARLINGTON 

60, 90,120 VOLTS 
120 WATTS 



^MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 
Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
- Peak 


Symbol 

VCEO(sus) 

VCB 

V££ 

'C 


2N6576 

60 

60 


2N6577 

90 

90 

— 7.0 — 
■—15 — 

— 30 — 


2N6578 

120 

120 


Unit 

Vdc 

Vdc 

Vdc 

Adc 




Base Current - Continuous 

1 - Peak 

Emitter Current — Continuous 

j - Peak 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 


Pd 


Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 


TjJstg 


Symbol 


Thermal Resistance, Junction to Case *^0JC 

Maximum Lead Temperature for Soldering T i_ 
Purposes. 1/16" from Case for 10s. 


*lndicates JEDEC Registered Data 


0.25 — 

0.50 — 

15.25 — 

30.5 — 

120 — 

0.685 — 

-65 to +200 


Max 

1.46 

265 


Adc 


Adc 


Watts 

W/°C 

OC 


Unit 

Qc/w 

°c 


DARLINGTON SCHEMATIC 


Collector 




DIM 

MILLIMETERS 

■BZQiISHI 

MIN 

MAX 


EZU 

A 


39.37 


HBI 

B 

- 

22.23 

- 


C 

6.35 

11.43 



D 

0.97 

1.09 


iiT'ia 

E 

- 

3.43 

- 

■illc!ig 

F 

29.90 

30.40 

WSSSM 

mm 

6 

10.67 

11.18 

ITKil 


H 

5.21 

5.72 



i 

16.64 

17.15 



K 

11.18 

12.19 


liTTTiM 

Q 

3.84 

4.09 

■'■HI 

i'lHB 

R 

- 

26.67 




CASE 1 1-03 
TO-3 


3 


Emitter 






2N6576, 2N6577, 2N6578 


*ELECTRICAL CHARACTERISTICS (Tg - 25°C unless otherwise noted.) 

I Characteristic ~ I 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining voltage! 1 ) 

dC = 200 mAdc, Ib = 0) 2N6576 

2N6577 

2N6578 

Collector Cutoff Current 
(VcE “ Rated Value) 


Collector Cutoff Current 

(VcER = Rated Vceo(sus) Value, RbE ~ lO T^C ~ 150°C) 
Collector Cutoff Current 

VCEX = Rated VceO(sus) Value, VsEloff) = 15 Vdc) 


VcEO(sus) 



Collector-Emitter Saturation Voltage 
dc = 15 Adc, Ib = 0.15 Adc) 
dc = 10 Adc, Ib = 0.1 Adc) 


Base-Emitter Saturation Voltage 
dc = 15 Adc, Ib = 0.15 Adc) 
dC= lOAdc, Ib = 0.1 Adc) 
Collector-Emitter Diode Voltage Drop 
(IeC = 15 Adc) 


DYNAMIC CHARACTERISTICS 

Magnitude of Common-Emitter Small-Signal Short-Circuit Current Transfer Ratio 
dC = 3.0 Adc, Vce = 3.0 Vdc, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

RESISTIVE LOAD (Figure 2) 

Delay Time ^ 30 Vdc, Iq = 10 Adc, Ibi = 0.1 Adc, 

Rise Time ip " ^ 2 


Storage Time 
Fall Time 


(Vec = 30 Vdc, Ic = 10 Adc, Ibi = Ib 2 = 0 1 Adc. 
tp = 300 MS, Duty Cycle < 2.0%) 


Indicates JEDEC Registered Data 

(1) Pulse test; Pulse Width < 300 ms, Duty Cycle < 2.0%. 


FIGURE 1 - RATED FORWARD BIASED 
SAFE-OPERATING AREA 



Tj = 200OC 

1.0 Bonding Wire Limit 

I— — Thermal Limit, Single Pulse, Tc = 25°C 
g 5 Second Breakdown Limit 


There are two limitations on the power handling ability of 
a transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic-Vqe limits of the transis- 
tor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 1 is based on Tc = 25°C; Tj(pk) is variable 
depending on power level. Second breakdown pulse limits are 
valid for duty cycles to 10%. 

Tj(pk) may be calculated from the data in Figure 6. At high 
case temperatures thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by 
second breakdown. 


VcE, COLLECTOR-EMITTER VOLTAGE <V0LTS) 












VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) ^FE- DC CURRENT GAIN 


2N6576, 2N6577, 2N6578 



0.2 0.5 1.0 2.0 5.0 10 15 


IC, COLLECTOR CURRENT (AMPS) 



0.0001 0.0003 0.001 0.002 0.005 0.01 0.02 0.1 

Ib, base CURRENT (AMPS) 



0.2 0.5 1 2 5 10 15 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 5 - BASE-EMITTER VOLTAGE 



0.5 


0.2 0.5 1 2 5 1 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 6 - THERMAL RESPONSE 













MOTOROLA 

m SEMICONDUCTOR 

TECHNICAL DATA 

Darlington Silicon 
Power Transistors 

. . . designed for general-purpose amplifier and low speed switching applications. 

• High DC Current Gain — hpE = 3500 (Typ) @ Ic = 4 Adc 

• Collector-Emitter Sustaining Voltage — @ 200 mAdc 

VcEO(sus) = 50 Vdc (Min) — 2N6667 
= 80 Vdc (Min) — 2N6668 

• Low Collector-Emitter Saturation Voltage — VcE(sat) = 2 Vdc (Max) @ Ic = 5 Adc 

• Monolithic Construction with Built-In Base-Emitter Shunt Resistors 

• TO-220AB Compact Package 

• Complementary to 2N6387, 2N6388 


2N6609 
See Page 
3-52 


2N6667 

2N6668 


PNP SILICON 

DARLINGTON 
POWER TRANSISTORS 

10 AMPERES 
60-80 VOLTS 
65 WATTS 


COLLECTOR 



Figure 1. Darlington Schematic 



^MAXIMUM RATINGS 


Rating 

Symbol 

2N6667 

2N6668 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base Voltage 

VCB 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

5 

Vdc 

Collector Current — Continuous 

Ic 

10 

Adc 

— Peak 


15 


Base Current 

ib 

250 

mAdc 

Total Device Dissipation @ Tq = 25°C 

Pd 

65 

watts 

Derate above 25°C 


0.52 

W/°C 

Total Device Dissipation @ T^ = 25°C 

Pd 



Watts 

Derate above 25°C 


0.016 

w/°c 

Operating and Storage Junction Temperature Range 

Tstg 

- 65 to -1-150 

°C 


THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.92 

°C/W 

Thermal Resistance, Junction to Ambient 

P^JA 

62.5 

°c/w 


Indicates JEDEC Registered Data 





Pd, power dissipation (WAHS) 


2N6667, 2N6668 


^ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic | 

1 Symbol 

1 Min 

1 Max 


OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

2N6667 

VcEO(sus) 1 

60 

— 


dC = 200 mAdc, Ib = 0) 

2N6668 


80 

— 


Collector Cutoff Current (VcE = 60 Vdc, Ig = 0) 

2N6667 

'CEO 

— 

1 


(VcE = 80 Vdc, Ib = 0) 

2N6668 


— 

1 


Collector Cutoff Current 






(VcE = 60 Vdc, VEB(off) = 1-5 Vdc) 

2N6667 

ICEX 

— 

300 


(VcE = 80 Vdc, VEB(off) = 15 Vdc) 

2N6668 


— 

300 


(VcE = 60 Vdc, VEB{off) = 1-5 Vdc, Tc = 125°C) 

2N6667 


— 

3 


(VcE = 80 Vdc, VEB(off) = 1-5 Vdc, Tc = 125X) 

2N6668 


— 

3 


1 Emitter Cutoff Current (Vbe = 5 Vdc, Ic = 0) 

>EBO 

- 

5 



ON CHARACTERISTICS (1) 


DC Current Gain dc = 5 Adc, Vce = 3 Vdc) 

hpE 

1000 

20000 

_ 

dC = 10 Adc, VcE = 3 Vdc) 


100 

— 


Collector-Emitter Saturation Voltage dc = 5 Adc, Ib = 0.01 Adc) 

VcE(sat) 

— 

2 


dc = 10 Adc, Ib = 0.1 Adc) 

— 

3 


Base-Emitter Saturation Voltage (Ic = 5 Adc, Ib = 0.01 Adc) 

VBE(sat) 

— 

2.8 


dc = 10 Adc, Ib = 0.1 Adc) 

— 

4.5 



DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain dc = 1 Adc, Vce = ^ Vdc, ftest = 1 MHz) 

(hfel 

20 

— 

- 

Output Capacitance (Vcb = 10 Vdc, Ie = 0, f = 1 MHz) 

Cob 

- ! 

200 

PF 

Small-Signal Current Gain (Ic = 1 Adc, Vce = 0 Vdc, f = 1 kHz) 

hfe 

1000 

- 

- 


* Indicates JEDEC Registered Data 

(1) Pulse Test: Pulse Width 300 /is. Duty Cycle 2%. 


RB & Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
Di, MUST BE FAST RECOVERY TYPES, .e.g, 

MBD5300 USED ABOVE Ib - 100 mA 
MSD6100 USED BELOW Ib - 100 mA 


FOR td AND tr, Di IS DISCONNECTED AND V 2 = 0 
tp tf < 10 ns 
DUTY CYCLE = 1% 



Figure 2. Switching Times Test Circuit 


Ta Tc 
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2N6667, 2N6668 



There are two limitations on the power handling ability 
of a transistor: average junction tennperature and second 
breakdown. Safe operating area curves indicate Ic~Vce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 6 is based on Tj(p|() = 150°C; Tq 
is variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
Tj(pk) < 150°C. Tj(pk) may be calculated from the data 
in Figure 5. At high case temperatures, thermal limita- 
tions will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



Figure 6. Maximum Safe Operating Area 



Figure 7. Typical Small-Signal Current Gain 


Figure 8. Typical Capacitance 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 

NPN Silicon 
Power Transistors 

The 2N6676, 2N6677, 2N6678, MJH6676, MJH6677, and IVIJH6678 transistors are 
designed for high voltage switching applications such as: 

• Off-Line Supplies 

• Converter Circuits 

• Pulse Width Modulated Regulators 
Specification Features — 

High Voltage Capability 
Fast Switching Speeds 
Low Saturation Voltages 
High SOA Ratings 


MAXIMUM RATINGS 


Rating 

Symbol 

2N6676 

MJH6676 

2N6677 

MJH6677 

2N6678 

MJH6678 

Unit 

Collector-Emitter Voltage 

VcEV 

450 

550 

650 

Vdc 

Collector-Emitter Voltage 

VCEX 

350 

400 

450 

Vdc 

Collector-Emitter Voltage 

VCEO 

300 

350 

400 

Vdc 

Emitter-Base Voltage 

Vebo 

8 

Vdc 

Collector Current — Continuous 

•c 


15 


Adc 

— Peak 

ICM 


20 



Base Current — Continuous 

IB 

5 

Adc 

Maximum Lead Temperature At 



235 


°C 

Distance > 1/16 in. (1.58 mm) 
from seating plane for 10 s max 







MAXIMUM THERMAL RATINGS 


Rating 

Symbol 

2N6676 

2N6677 

2N6678 

MJH6676 

MJH6677 

MJH6678 

Uiiit 

Thermal Resistance Junction to Case 

R^JC 

1 

°CA/V 

Power Dissipation Jq - 25°C 

Pt 

175 

125 

Watts 

Derate above 25°C 


1 

1 

W/°C 

Operating and Storage Junction 

Tj, Tstg 

-65 to -1-200 

— 65 to -1-150 

°C 


2N6648 
See Page 
3-209 


2N6676 

2N6677 

2N6678 

MJH6676 

MJH6677 

MJH6678 


NPN SILICON 

POWER TRANSISTORS 

15 AMPERES 
300/350, 400 VOLTS 
125 and 175 WATTS 



CASE 1-05 
TO-204AA 
2N6676 
2N6677 
2N6678 



CASE 340-01 
TO-218AC 
MJH6676 
MJH6677 
MJH6678 
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2N6676, 2N6677, 2N6678 
MJH6676, MJH6677, MJH6678 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


1 Characteristic | 

Symbol 

1 Min 1 

1 Max 

Unit 1 

OFF CHARACTERISTICS 

Collector Cutoff Current 


ICEV 



mA 

(VcE = Rated VcEV' VBE(off) = 1.5Vdc) 

(VcE = Rated VcEV' VBE(off) = I BVdc, 



— 

0.1 


Tc = 100°C) 



— 

1 


Emitter Cutoff Current 


•ebo 

— 

2 

mA 

(Veb = 8 Vdc, Ic = 0) 






Collector-Emitter Sustaining Voltage 

2N6676, MJH6676 

VCEO(sus) 

300 

— 

Vdc 

dC = 200 mA, Ib = 0) 

2N6677, IV1JH6677 

350 

— 



2N6678, MJH6678 


400 

— 


Collector-Emitter Sustaining Voltage 

2N6676, MJH6676 

VCEXIsus) 

350 

— 

Vdc 

dC = 15 A, VcE{pk) = Vclamp = Rated Vqex) 

2N6677, MJH6677 

400 

— 


2N6678, MJH6678 


450 

— 



SECOND BREAKDOWN 


Second Breakdown Collector with Base Forward Biased 

'S/b 

See Figure 1 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 2 


ON CHARACTERISTICS 


DC Current Gain dc = 15 A, Vqe = 3 V) 

hFE 

8 

— 

— 

Base-Emitter Saturation Voltage (Iq = 15 A, Ib = 3 A) 

VBE(sat) 

- 

1.5 

Vdc 

Collector-Emitter, Saturation Voltage (Iq = 15 A, Ib = 3 A) 

VcE(sat) 

— 

1.5 

Vdc 

dc = 15 A, Ib = 3 A, Tc = 100°C) 

— 

2 



DYNAMIC CHARACTERISTICS 


Current Gain dc = 1 A, VcE = 10 Vdc, f = 5 MHz) 

It^fel 

3 

10 

- 

Output Capacitance dc = 1 A, Vcb = 10 Vdc, f = 0.1 MHz) 

Cob 

150 

500 

pF 


SWITCHING CHARACTERISTICS 


Resistive Load | 

Delay Time 

Vcc = 200 V, Ic = 15 A, 

■b 1 = 182 = 3 A, tp = 20 fis, 

Duty Cycle ^ 2 % 

Vb2 ^ 6 V, Rl -= 13.5 n 
(See Figure 3) 

Tc = 25X 

td 

— 

0.1 

/xS 

Rise Time 

tr 

— 

0.6 

Storage Time 

ts 

— 

2.5 

Fall Time 

tf 

— 

0.5 

Delay Time 

Tc = lOOX 

td 

— 

0.4 

Rise Time 

tr 

— 

1 

Storage Time 

ts 

— 

4 

Fall Time 

tf 

- 

1 

Inductive Load | 

Cross Over Time 

L = 50 /xH 

VCE(pk) = Vclamp = Rated Vcex 
(S ee Figure 3) 

Tc = 25°C 

tc 

— 

0.5 

ixs 

Tc = 100X 

- 

0.8 
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2N6676, 2N6677, 2N6678 
MJH6676, MJH6677, MJH6678 



OOj I I I N M I I I I |^iNDO/o,ivijnoD/g --t 

■ 4 5 7 10 20 30 50 70 100 200 300 400 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

Figure 1. Maximum Rated Forward Biased 
Safe Operating Area 

SAFE OPERATING 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq — Vqe 
limits of the transistor that must be observed for reliable 
operation; I.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tq = 25°C and Tq = 
100°C; Tj(pk) is variable depending on power level. Sec- 
ond breakdown pulse limits are valid for duty cycles to 
10% but must be derated when Tq > 25°C. At high case 
temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations 
imposed by second breakdown. 



VcE, COLLECTOR TO EMITTER VOLTAGE (VOLTS) 


Figure 2. Maximum Rated Reverse Biased 
Safe Operating Area 

AREA INFORMATION 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 2 gives the RBSOA characteristics. 


OUTLINE DIMENSIONS 
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DIM 

MILUM 

ETERS 

INC 

RES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

— 

1.550 

B 

— 

21.08 

— 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.151 

0.165 

R 

_ 

26.67 

_ 

1.050 

V 

4.83 

5.33 

0.130 

0.210 

V 

3.81 

4.19 

0.151 

0.165 


CASE 1-05 
TO-204AA 
(Formerly TO-3) 
2N6676 thru 2N6678 


NOTES: 

1. DIMENSIONS 0 AND V ARE DATUMS. 

2. Gl] is seating plane and datum. 

3. POSITIONAL TOLERANCE FOR MOUNTING HOLE 0: 
l-fl 0.13(0.005) (g)lTlV®l 

FORLEADS: 

I -fl 0.13(0.0051® t 1 V®|Q(g)| 

4. DIMENSIONS AND TOLERANCES PER ANSI Y14.5, 
1973. 



DIM 

MILUN 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

20.32 

21.08 

0.800 

0.830 

B 

15.49 

15.90 

0.610 

0.626 

C 

4.19 

5.08 

0.165 

0.200 

D 

1.02 

1.65 

0.040 

0.065 

E 

1.35 

1.65 

0.053 

0.065 

G 

5.21 

5.72 

0.205 

0.225 

H 

2.41 

3.20 

0.095 

0.126 

J 

0.38 

0.64 

0.015 

0.025 

K 

12.70 

15.49 

0.500 

0.610 

L 

15.88 

16.51 

0.625 

0.650 

N 

12.19 

12.70 

0.480 

0.500 

0 

4.04 

4.22 

0.159 

0.166 


STYLE 1; 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 340-01 
TO-218AC 

MJH6676 thru MJH6678 
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2N6676, 2N6677, 2N6678 
MJH6676, MJH6677, MJH6678 


ADJ FOR Ibi 



VB2 - 

Q1, Q2 = 2N6350 ADJ FOR Ib2 

Q3 - 2N3762 

Q4,Q5,Q6,Q7 = CA3725 QUAD TRANSISTOR ARRAY 


NOTE: Battery symbols Vcc- Ygi, '^^ 2 - 
VB(clamp) indicate rigorously fil- 
tered voltage sources at the cir- 
cuit terminals to accommodate 
the fast rise and fall times and 
high currents present in the 
circuit. 

NOTE: SW1 closed for tr, tg, tf. SW1 
open for tc- 


Figure 3. Switching Times Test Circuit 



NOTE: TRANSITION TIME FROM 90% IBI 
to 90% IB2 MUST BE LESS THAN 
0.5 fjLS. 

Figure 4. Switching Time Measurements 



TIME 

Figure 5. Inductive Switching Measurements 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 



Designer’s Data Sheet 


SWITCHMODE III SERIES 
NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. They 
are particularly suited for line-operated switchmode applications. 
Typical Applications: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

• Fast Turn-Off Times 

50 ns Inductive Fall Time — 75°C (Typ) 

70 ns Inductive Crossover Time — 75*^C 
500 ns Inductive Storage Time — 75°C (Typ) 

• Operating Temperature Range -65 to +150°C 

• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



MAXIMUM RATINGS 


Rating 

Symbol 

2N6833 

2N6834 

Unit 

Collector-Emitter Voltage* 

VcEO(sus) 

450 

Vdc 

Collector-Emitter Voltage* 

VCEV 

850 

Vdc 

Emitter Base Voltage* 

veb 

6.0 

Vdc 

Collector Current — Continuous* 

•c 

5.0 

Adc 

— Peak(l) 

•cm 

10 


Base Current — Continuous* 

•b 

4.0 

Adc 

— Peak(1) 

•bm 

8.0 


Total Power Dissipation @ Tq = 25®C* 

Pd 

80 

125 

Watts 

@Tc= 100°C* 


32 

71.5 


Derate above 25°C* 


0.64 

0.714 

w/oc 

Operating and Storage Junction 

Tstg 

-65 to 

-65 to 

°C 

Temperature Range* 


+150 

+200 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

2N6833 

2N6834 

Unit 

Thermal Resistance, Junction to Case* 

R0JC 

1.56 

1.40 

oc/w 

Maximum Lead Temperature for Soldering 
Purposes: 1 78" from Case for 5 Seconds* 

Tl 

275 

°c 

(1 ) Pulse Test; Pulse Width = 5.0 ms. Duty Cycle < 10%. 

*lndicate JEDEC Registered Data 


Designer's Data for "Worst Case" Conditions 

The Designer's Data Sheet permits the design of most circuits entirely from the infor- 
mation presented. Limit data — representing device characteristics boundaries — are 
given to facilitate "worst case" design. 


2N6833 

2N6834 


5.0 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
80 and 125 WATTS 



F — HC 

! 


2N6833 



2. COLUaOR 

3. EMITTER 

4. COLLECTOR 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
yU.SM, 1982. 

2. CONTROaiNG DIMENSION; INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


CASE 221A-04 
TO-220AB 


2N6834 




CASE 1-05 

TO-204AA (Formerly TO-3) 
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2N6833, 2N6834 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 2) 

(IC= 100 mA, Ib = 0) 

VcEO(sus) 

450* 

— 

— 

Vdc 

Collector Cutoff Current 
(VcEV = 850 Vdc, VBE(off) = 1 -5 Vdc) 

(VcEV = 850 Vdc, VBE{off) = 1 -5 Vdc, Tq = 1 00°C) 

•CEV 

- 

- 

0.25* 

1.5* 

mAdc 

Collector Cutoff Current 
(VcE = 850 Vdc, Rbe = 50 0, Tq = 100°C) 

•CER 

— 

— 

2.5 

mAdc 

Emitter Cutoff Current 
(Veb = 6.0 Vdc, Ic = 0) 

•ebo 

— 

— 

1.0* 

mAdc 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

•s/b 

See Figures 1 5* and 1 6* 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 17 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(IC= 1.5 Adc, Ib = 0.15 Adc) 
dC = 3.0 Adc, 1 b = 0.4 Adc) 
dC = 3.0 Adc, Ib = 0.4 Adc, Tq = 100°C) 

VcE(sat) 

- 

- 

1.0 

2.5* 

2.5* 

Vdc 

Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dc = 3.0 Adc, Ib = 0.4 Adc) 


— 

— 

1.5* 


(Ic = 3.0 Adc, Ib = 0.4 Adc, Tq = 100°C) 


— 

— 

1.5 


DC Current Gain 

hFE 




_ 

dc = 3.0 Adc, VcE = 5.0 Vdc) 


7.5* 

— 

30* 


dc = 5.0 Adc, VcE = 5.0 Vdc) 


5.0 

— 

- 



DYNAMIC CHARACTERISTICS (2) 


Current Gain - Bandwidth Product 
(VcE = 10 Vdc, Ic = 0.25 Adc, ftest = 10 MHz) 

fT 

15* 

— 

75* 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, ftest = 1 0 kHz) 

Oob 

20* 

— 

200* 

pF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

(IC= 3.0 Adc, 

Vcc = 250 Vdc, 

•b 1 = 0.4 Adc, 

PW = 30 MS, 

Duty Cycle ^2.0%) 

(IB2 = 0.8 Adc, 

RB2 = 8.0 n) 

td 


30 

100* 

ns 

Rise Time 

tr 

— 

100 

300* 

Storage Time 

Is 

— 

1000 

3000* 

Fall Time 

tf 

— 

60 

300* 

Storage Time 

(VBE(off)=5.0Vdc) 

ts 

— 

400 

— 

Fall Time 

tf 

— 

130 

- 

Inductive Load (Table 2) | 

Storage Time 

(IC = 3.0 Adc, 

•b 1 = 0.4 Adc, 
VBE(off)= 5.0 Vdc, 
VcE(pk)=400 Vdc) 

(Tc=100°C) 

tsv 

- 

500 

1600* 

ns 

Fall Time 

tfi 

— 

100 

200* 

Crossover Time 

tc 

— 

120 

250* 

Storage Time 

— 

(Tc=150°C) 

tsv 

— 

600 

— 

Fall Time 

tfi 

— 

120 

— 

Crossover Time 

tc 

— 

160 



(1 ) Pulse Test; PW - 300 ^s. Duty Cycle ^2%. 

(2) fj = I hfel ftest 

•Indicates JEDEC Registered Limit 
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ic. COLLECTOR CURRENT (,iA) Vqe. COLLECTOR-EMinER VOLTAGE (VOLTS) , ^FE. DC CURRENT GAIN 


2N6833, 2N6834 


TYPICAL STATIC CHARACTERISTICS 



- COLLECTOR-EMITTER SATURATION VOLTAGE 



l£, COLLECTOR CURRENT (AMPS) 



Ic, COLLECTOR CURRENT (AMPS) 


FIGURE 5 - COLLECTOR CUTOFF REGION 



- 0.4 - 0.2 0 + 0.2 + 0.4 + 0.6 

Vbe. base emitter voltage (VOLTS) 


FIGURE 6 - CAPACITANCE 



ig I LJ 1 1 1 11111 1 J \ LiUJU LJ 1 m HU II i i i 1 1 

0.1 1.0 10 100 850 

Vr, reverse voltage (VOLTS) 
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tc. CROSSOVER TIME (ns) tfj, COLLECTOR CURRENT FALL TIME (ns) ‘sv« STORAGE TIME (ns) 


2N6833, 2N6834 





















Ic, COLLECTOR CURRENT (AMPS) 


2N6833, 2N6834 



TIME 


FIGURE 14 - PEAK REVERSE BASE CURRENT 



VBE(off). reverse base VOLTAGE (VOLTS) 


GUARANTEED SAFE OPERATING AREA LIMITS 


FIGURE 15 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 
(2N6833) 



FIGURE 16 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 
(2N6834) 



0 ot I— Li. 1 1 i I I I I 111111 I I I LU 

5.0 7.0 10 20 50 70 100 200 300 450 


VcE. COLLECTOR-EMIHER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic — V ce 
limits of the transistor that must be observed for reliable 
operation; i.e.. the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 1 5 and 1 6 are based on Tq = 25°C; 
Tj(pk) is variable depending on power level. Second break- 
down pulse limits are valid for duty cycles to 1 0% but must 
be derated when Tq ^ 25°C. Second breakdown limita- 
tions do not derate the same as thermal limitations. Allow- 
able current at the voltages shown on Figures 1 5 and 1 6 
may be found at any case temperature by using the appro- 
priate curve on Figures 1 8 or 1 9. 

T^J(pk) niay be calculated from the data in Figures 20 or 
21. At high case temperatures, thermal limitations will 


reduce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable putting reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 17 gives the RBSOA characteristics. 
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POWER DERATING FACTOR 


2N6833, 2N6834 


FIGURE 17 - MAXIMUM REVERSE BIAS 
SAFE OPERATING AREA 



VcE(pk). peak COLLECTOR-EMinER VOLTAGE (VOLTS) 


FIGURE 18 - POWER DERATING 
(2N6833) 



Tc. CASE TEMPERATURE (“O 


FIGURE 19 - POWER DERATING 
(2N6834) 
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2N6833, 2N6834 


TABLE 2 - INDUCTIVE LOAD SWITCHING 



Vcc = 20 Volts Vcc = 20 Volts Vqc = 20 Volts 

Rbi selected for desired l 0 i Rgi selected for desired Igi 


Tektronix Scope - Tektronix 

P-6042 or 7403 or 

Equivalent Equivalent Note: Adjust -V to obtain desired VB^joff) at Point A. 


TYPICAL INDUCTIVE SWITCHING WAVEFORMS 


•C(pk) = 3.0 Amps 
Ibi = 0.4 Amp 
VBE(off) = 5.0 Volts 
VcE(pk) = 400 Volts 
Tc = 25°C 
Time Base = 

20 ns/cm 

•qpk)=3.0 Amps 
Ibi = 0.4 Amp 
VBE(off)=5.0 Volts 
VcEfpk) = 400 Volts 
Tc = 25®C 
Time Base = 

20 ns/cm 



tfi.tc 
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r(t), EFFECTIVE TRANSIENT THERMAL 

RESISTANCE (NORMALIZED) r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


2N6833, 2N6834 


THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 21 - 2N6834 



t, TIME (ms) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 




Designer’s Data Sheet 


SWITCHMODE III SERIES 

ULTRA-FAST NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time iscritical. They 
are particularly suited for line-operated switchmode applications. 


• Switching Regulators 

• Inverters 

• Motor Controls 

• Deflection Circuits > 

• Fast Turn-Off Times ^ \ 

90 ns Inductive Fall Time — 75°C (Typ) 

90 ns Inductive Crossover Time — 75°C (Typ) 
450 ns Inductive Storage Time — 75°C (Typ) 

• Operating Temperature Range -65 to +200°C 

• T00°C Performance Specified for; 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


^MAXIMUM RATINGS 


Rating 

Symbol 

Max 

Unit 

Collector-Emitter Voltage 

VcEOfsus) 

450 

Vdc 

Collector-Emitter Voltage 

VcEV 

850 

Vdc 

Emitter Base Voltage 

veb 

6.0 

Vdc 

Collector Current — Continuous 

«C 

8.0 

Adc 

— Peak(1) 

ICM 

16 


Base Current — Continuous 

•b 

6.0 

Adc 

— Peak(l) 

>BM 

12 


Total Power Dissipation @ T^ = 25°C 
@Tc=100°C 

pd 

150 

85.5 

Watts 

Derate above 25°C 


0.86 

W/°C 

Operating and Storage Junction 

Temperature Range 

Tj' ^stg 

-65 to +200 

i 


•THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.17 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1 /B" from Case for 5.0 Seconds 

Tl 

275 

°c 


(1 ) Pulse Test: Pulse Width = 5.0 ms, Duty Cycle ^ 10%. 
•Indicate JEDEC Registered Data 


NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
1 50 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet permits 
the design of most circuits entirelyfrom 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
"worst case" design. 




STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 




NOTES ” 

1. DIMENSIONS 0 AND V ARE DATUMS. 

2. [T] IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE 0: 

I ♦ I ».13 (0.005)© 1 T |V©1 
FOR LEADS; 

I f I >.13 (0.005) 0T I V©| 0@ 


MILLIMETERS INCHES 
DIM ~MiN~ MAX "min MAX 

A - 39.37 - 1.580 

1 = — 2Tor~^ — OBT 

C 6.35 7.62 0.250 "OST 

0 0.97 1.09 0.038 0.043 


I 3.81 I 4.19 I 0.150 I 0.1^ 

CASE 1-05 
TO-204AA Type 
(TO-3 Type) 
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2N6835 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min j Typ | Max | Unit 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage (Table 2) 

{IC= 100 mA. Ib = 0) 

VCEO(sus) 

450* 

— 

- 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(VcEV = 850 Vdc, VBEfoff) = 1 5 Vdc) 


— 

— 

0.25* 


(VcEV = 850 Vdc, VBE(off) = 1 -8 Vdc, Tq = 1 00°C) 


— 

— 

1.5* 


Collector Cutoff Current 

•CER 

— 

_ 

2.5 

mAdc 

(VcE = 850 Vdc, RBE(off) = 50 H, Tc = 1 00° C) 






Emitter Cutoff Current 

•ebo 

— 

— 

1.0* 

mAdc 

(Veb = 6.0 Vdc, Ic = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 

See Figure 1 5* 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 6 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(Ic = 3.0 Adc, Ib = 0.40 Adc) 

(Ic = 5.0 Adc, Ib = 0.66 Adc) 

(Ic = 5.0 Adc, Ib = 0.66 Adc, Tc = 1 00°C) 

VcE(sat) 

- 

- 

1.2 

2.5* 

3.0* 

Vdc 

Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

(Ic = 5.0 Adc, Ib = 0.66 Adc) 


— 

— 

1.5* 


dC = 5.0 Adc, Ib = 0.66 Adc, Tc = 100°C) 


— 

— 

1.5 


DC Current Gain 

^FE 




_ 

dC = 5.0 Adc, VcE = 5.0 Vdc) 


7.5* 

— 

30* 


dC = 8.0 Adc, VcE = 5.0 Vdc) 


4.0* 

— 

— 



DYNAMIC CHARACTERISTICS (2) 


Current Gain - Bandwidth Product 
(VcE = 1 0 Vdc, Ic = 0.25 Adc, ftest = 1 0 MHz) 

fT 

10* 

— 

75* 

MHz 

Output Capacitance 
(VcB = 1 0 Vdc, lE = 0, ftest = 1 0 kHz) 

Cob 

50* 

— 

350* 

pF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

dC = 5.0 Adc, 

Vcc = 250 Vdc, 

Ibi = 0.66 Adc, 

PW= 30 MS, 

Duty Cycle <2.0%) 

(IB2 -1-3 Adc, 

RB2 = 4.0 a) 

td 

— 

20 

50* 

ns 

Rise Time 

tr 

— 

85 

250* 

Storage Time 

ts 

— 

1000 

2500* 

Fall Time 

tf 

— 

70 

250* 

Storage Time 

(VBE(off)= 5.0 Vdc) 

ts 

— 

500 

— 

Fall Time 

tf 

- 

100 

- 

Inductive Load (Table 2) | 

Storage Time 

dC = 5.0 Adc, 

Ibi = 0.66 Adc, 
VBE(off) =5.0 Vdc, 
VcE(pk) = 400 Vdc) 

(Tc= 100°C) 

tsv 

— 

700 

1800* 

ns 

Fall Time 

tfi 

— 

80 

200* 

Crossover Time 

tc 

— 

150 

250* 

Storage lime 

(Tc = 1 50°C) 

tsv 

— 

800 

— 

Fall Time 

tfi 

— 

80 

— 

Crossover Time 

tc 

- 

200 

- 


(1 ) Pulse Test; PW - 300 /is. Duty Cycle <2%. 

( 2 ) f 7 = | she] ftest 

•Indicates JEDEC Registered Limit 
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- 0.2 0 + 0.2 + 0.4 + 0.6 

Vdf, base emitter voltage (VOLTS) 


Vr, reverse voltage (VOLTS) 






CROSSOVER TIME |n$) tfj, COLLECTOR CURRENT FALL TIME (ns) *sv STORAG^TIME (ns) 


2N6835 


FIGURE 7 - STORAGE TIME 

m VBE(off) = OV_IIIZZ::r::==:=^ 

VBE(off) = 2.0 V 

VBE(off) = 5.0 V 

-^t = 5 f— i 

- Tj = 750c 

.VcE(pk) = 400V 

2.0 3.0 5.0 7.0 10 

IC. COLLECTOR CURRENT (AMPS) 


TYPICAL DYNAMIC CHARACTERISTICS 

■ TIME FIGURE 8 — STORAGE TIME 


- VBE(off) = 0 V - 


^f=10 

Tj = 75°C 
VCE(pk) = ^00 V 


VBE(off) = 2 0 V 

VBE(off) = 5.0 V 

I I 

2.0 3.0 5.0 7.0 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 9 - COLLECTOR CURRENT FALL TIME 


VBE(off) = 0 V _ 


.VCE(pk) = 400V 


VBE(off) = 2.0 V 


I VBE(off) = 5.0V 


2.0 3.0 5.0 7.0 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 10 - COLLECTOR CURRENT FALL TIME 


-VBJff) = 2.0V- 

- VBE(off) = 0 V — 


H VBE(off) = 5.0V_p 


-^f=10 

Tj = 75°C 
VCE(pk) = 400V 


2.0 3.0 5.0 7.0 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 11 - CROSSOVER TIME 


FIGURE 12 - CROSSOVER TIME 


VBE(off) = 5.0 V 


:/3f = 5 : 

_ Tj = 75°C 
-VCE(pk) = 400V- 


' VBE(off) = 0 V \r - 

H — 

VBE(off) = 2.0V- 


2.0 3.0 5.0 7.0 

Iq. COLLECTOR CURRENT (AMPS) 



VBE(off) = 5.0 V 


2.0 3.0 5.0 7.0 

IC. COLLECTOR CURRENT (AMPS) 
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TIME 



0 2.0 4.0 6.0 8.0 

VBE(off)- REVERSE BASE VOLTAGE (VOLTS) 


GUARANTEED SAFE OPERATING AREA LIMITS 


FIGURE 15 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 



FIGURE 16 - MAXIMUM REVERSE BIAS 



VcE(pk). peak collector-emitter voltage (VOLTS) 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq — V cE 
limits of the transistor that must be observed for reliable 
operation: i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 15 is based on Tc= 25°C; T j(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated whenTc^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 5 may be found 
at any case temperature by using the appropriate curve on 
Figure 18. 

Tj(pk) may be calculated from the data in Figure 17. 
At high case temperatures, thermal limitations will reduce 


the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 6 
gives the RBSOA characteristics. 
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r(t). EFFECTIVE TRANSIENT THERMAL 
RESISTANCE (NORMALIZED) 
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FIGURE 17 - THERMAL RESPONSE 




0 40 80 120 160 200 

Tc, CASE TEMPERATURE |“C) 



*Note; Adjust -V to obtain desired VgEjoff) Point A. 
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MOTOROLA 

■I SEMICONDUCTOR 

TECHNICAL DATA 


Designer’s Data Sheet 


SWITCHMODE III SERIES 

ULTRA-FAST NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time iscriticai. They 
are particularly suited for line-operated switchmode applications. 

• Switching Regulators 

• Inverters 

• Motor Controls 

• Deflection Circuits 

• Fast Turn-Off Times 

30 ns Inductive Fall Time — 75°C (Typ) 

50 ns Inductive Crossover Time — 75°C (Typ) 

600 ns Inductive Storage Time — 75°C (Typ) 

• Operating Temperature Range -65 to +2CX)°C 

• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 




^MAXIMUM RATINGS 


Rating 

Symbol 

Max 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

450 

Vdc 

Collector-Emitter Voltage 

VCEV 

850 

Vdc 

Emitter Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

>C 

15 

Adc 

- Peak(l) 

•cm 

20 


Base Current — Continuous 

•b 

10 

Adc 

— Peakd) 

•bm 

15 


Total Power Dissipation @ Tq = 25°C 

PD 

175 

Watts 

@Tc= 100°C 


100 


Derate above 25°C 


1.0 

W/°C 

Operating and Storage Junction 

^J' ^stg 

-65 to +200 

°C 

Temperature Range 




♦THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

P0JC 

1.0 

°C/\N 

Maximum Lead Temperature for Soldering 
Purposes: 1 78" from Case for 5.0 Seconds 

Tl 

275 

°C 

(1 ) Pulse Test: Pulse Width = 5.0 ms. Duty Cycle < 10%. 

•Indicate JEDEC Registered Data 




15 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

460 VOLTS 
176 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
"worst case" design. 
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ELECTRICAL CHARACTERISTICS (Tq 25°C unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 2) 

(IC= 100 mA Ib = 0) 

VcEO(sus) 

450* 

— 

— 

Vdc 

Collector Cutoff Current 
(VcEV = 850 Vdc, VBE(off) = 1 5 Vdc) 

(VcEV = 850 Vdc. VBE(off) = 1 5 Vdc, Tc = 100°C) 

•CEV 

- 

- 

0.25* 

1.5* 

mAdc 

Collector Cutoff Current 
(VcE = 850 Vdc. Rbe = 50 n. Tq = 100°C) 

•CER 

— 


2.5 

mAdc 

Emitter Cutoff Current 
(Veb = 6.0 Vdc. Ic = 0) 

•ebo 

— 

— 

1.0* 

mAdc 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

•S/b 

See Figure 15* 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 16 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
dC = 5.0 Adc, Ib = 0.7 Adc) 
dC = 10 Adc, Ib = 1-0 Adc) 
dC = 10 Adc, Ib = 1.0 Adc, Tq = 100°C) 

VcE(sat) 

- 

- 

12 

2.5* 

3.0* 

Vdc 

Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 10 Adc, Ib = 1.0 Adc) 


— 

— 

1.5* 


dC = 10 Adc, Ib = 1.0 Adc, Tc = 100X) 


— 

— 

1.5 


DC Current Gain 

hFE 




— 

dC= 10 Adc, VcE= 5.0Vdc) 


8.0* 1 

— 

30* 


dC= 15 Adc, VcE= 5.0Vdc) 


5.0 1 

— 

— 



DYNAMIC CHARACTERISTICS (2) 


Current Gain - Bandwidth Product 
(VcE = 10 Vdc. Ic = 0.25 Adc, ftest= 10 MHz) 

It 

10* 

- 

75* 

MHz 

Output Capacitance 
(VcB= lOVdc, lE = 0,ftest= 10 kHz) 

Cob 

50* 

— 

400* 

pF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

dC = 10 Adc, 

Vcc = 250 Vdc, 

Ibi = 1.0 Adc, 

PW = 30 fis, 

Duty Cycle 2.0%) 

dB2 = 2.6 Adc. 

RB2 = 1 6 n) 

Id 

— 

20 

100* 

ns 

Rise Time 

tr 

— 

200 

500* 


Is 


1200 

3000* 

Fall Time 

tf 

— 

200 

250* 

Storage Time 

(VBE(off)=5.0Vdc) 

Is 

— 

650 

— 


tf 

- 

80 

— 

Inductive Load (Table 2) 

Storage Time 

dC = 10 Adc, 

Ibi = 1.0 Adc, 
VBE(off) = 5.0 Vdc, 
VcE(pk) = 400 Vdc) 

(Tc= 100°C) 

tsv 

- 

800 

1500* 

ns 

Fall Time 

^fi 

— 

50 

150* 

Crossover Time 

tc 

— 

90 

200* 

Storage Time 

(Tc= 150°C) 

tsv 

— 

1656 

— 

Fall Time 

tfi 

— 

70 

— 

Crossover Time 

tc 

_ 

120 

— 


(1 ) Pulse Test: PW - 300 ns, Duty Cycle ^2%. 

(2) fT = |8he|fte8t 

*lndicstes JEDEC Registered Limit 
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TYPICAL STATIC CHARACTERISTICS 



0 2 0 5 1 0 2.0 5 0 10 20 


IC. COLLECTOR CURRENT (AMPS) 



0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 


Ib. base CURRENT (AMPS) 


FIGURE 3 - COLLECTOR-EMITTER SATURATION VOLTAGE 



IC, COLLECTOR CURRENT (AMPS) 



0 15 0.20 0.30 0.50 0 70 1 0 2.0 3 0 5.0 7.0 10 15 

IC. COLLECTOR CURRENT (AMPS) 



-0.4 -0.2 0 +0.2 +04 >0.6 

Vbe. base EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - CAPACITANCE 
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tc. CROSSOVER TIME Ins) tfj, COLLECTOR CURRENT FALL TIME |ns) tjy. STORAGE TIME |n$) 
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TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 7 - STORAGE TIME 


VBE(off) = 0 Volts 


FIGURE 8 - STORAGE TIME 



(C, COLLECTOR CURRENT (AMPS) 


IC, COLLECTOR CURRENT (AMPS) 














Ic- COLLECTOR CURRENT (AMPS) 
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TIME 



ol I I I 1 [ 1 1 1 1 1 

0 1.0 2.0 3.0 4.0 5.0 

VBE(off). REVERSE BASE VOLTAGE (VOLTS) 


GUARANTEED SAFE OPERATING AREA LIMITS 


FIGURE 15 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 


FIGURE 16 - MAXIMUM REVERSE BIAS 
SAFE OPERATING AREA 




5,0 10 20 30 50 70 100 200 300 450 100 150 200 250 350 450 600 700 850 

VcE. COLLECTOR-EMIHER VOLTAGE (VOLTS) VcE(pk). PEAK COLLECTOR-EMIHER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor; average junction temperature and second 
breakdown. Safe operating area curves indicate Iq — Vqe 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 15 is based on Tc = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 5 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 8. 

Tj(pk) may be calculated from the data in Figure 17. 
At high case temperatures, thermal limitations will reduce 


the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 6 
gives the RBSOA characteristics. 
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TABLE 2 - INDUCTIVE LOAD SWITCHING 


j ^coil (*Cpk) 

^ Vcc 
adjusted to obtain lc(pk) 

V(BR)CE0 

L= 10 mH 
Rq2 = “ 

Vcc = 20 Volts 



OV 




*'c 

:0= 


▼ MR856 

I |!'v,3.p i 



^ Vcc 


.1 


Inductive Switching 

L= 200AiH 

RB2 = 0 

Vcc = 20 Volts 

Rbi selected for desired Ibi 


RBSOA 

L= 200/iH 

RB2 = 0 

Vcc = 20 Volts 

Rbi selected for desired Ibi 


VcE(pk)= VcE(clamp) 

Iri 



Tektronix 
P-6042 or 
Equivalent 


Scope - Tektronix 
7403 or 

Equivalent Note: Adjust -V to obtain desired VBE(off) Point A. 


3 


TYPICAL INDUCTIVE SWITCHING WAVEFORMS 


tsv 


•C(pk)= 10 Amps 
Ibi = 1 0 Amp 
VBE(off) = 5.0 Volts 
VCE(pk) = ^00 Volts 
Tc = 25°C 
Time Base = 

100 ns/cm 



tfi. tc 


•C(pk)= 10 Amps 
Ibi = 1.0 Amp 
VBE{off) = 5.0 Volts 
VCE(pk) = ^00 Volts 
Tc = 25°C 
Time Base = 

20 ns/cm 
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Designer’s Data Sheet 


SWITCHMODE III SERIES 

ULTRA-FAST NPN SILICON POWER TRANSISTORS 

This transistor is designed for high-voltage, high-speed, power 
switching in inductive circuits where fall time is critical. They are 
particularly suited for line-operated switchmode applications. 

Typical Applications: T 

• Switching Regulators j 

• Inverters J 

• Motor Controls i ^ ° 

• Deflection Circuits 

• Fast Turn-Off Times ^ ViS/ 

30 ns Inductive Fall Time — 75X (Typ) 

40 ns Inductive Crossover Time — 75®C (Typ) jl 
800 ns Inductive Storage Time — 75°C (Typ) ~ 

• Operating Temperature Range -65 to -i-200®C 

• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


20 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
250 WATTS 


Designer's Deta for 
"Worst Case" Conditions 

The Designers Data Sheet permits the design 
of most circuits entirely from the information 
presented. Limit data — representing device 
characteristics boundaries — are given to facil- 
itate "worst case" design. 



MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage* 

Collector-Emitter Voltage* 

Emitter Base Voltage* 

Collector Current — Continuous* 
— Peak(l) 

Base Current — Continuous* 

— Peak(l) 

Total Power Dissipation @ Tq = 25°C* 

@ Tc = 100°C 

Derate above 25°C 

Operating and Storage Junction* 
Temperature Range 

^THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Case* 
Maximum Lead Temperature for Soldering 
Purposes: Vs" from Case for 5 Seconds 


(1) Pulse Test: Pulse Width = 5.0 ms. Duty Cycle 
^Indicate JEDEC Registered Data 


Symbol 

Max 

VCEO(sus) 

450 

VCEV 

850 

Veb 

6.0 

•c 

20 

•cm 

30 

•b 

15 

IBM 

20 

Pd 

250 


143 


1.43 

Tj» Tstg 

-65 to -1- 200 
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ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted). 


Characteristic | Symbol | 

Min 

Typ I Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 2) 
dC = 100 mA, Ib = 0) 

VCEO(sus) 

450* 

— 

— 

Vdc 

Collector Cutoff Current 
(VcEV = 850 Vdc, VBE(off) = I S Vdc) 

(VcEV = 850 Vdc, VBE(off) = 1-5 Vdc, Tc = 100X) 

>CEV 

- 

- 

0.25* 

1.5* 

mAdc 

Collector Cutoff Current 
(VcE = 850 Vdc, Rbe = 50 0, Tc = lOOX) 

•CER 

— 

— 

2.5 

mAdc 

Emitter Cutoff Current 
(Veb = 6.0 Vdc, Ic = 0) 

•ebo 

1 

— 

1.0* 

mAdc 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

*S/b 

See Figure 15* 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 16 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
dC = 10 Adc, Ib = 1.2 Adc) 
dC = 15 Adc, Ib = 2.0 Adc) 
dC = 15 Adc, Ib = 2.0 Adc, Tc = 100°C) 

VcE(sat) 

- 

- 

1.5 

3.0* 

3.0* 

Vdc 

Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 15 Adc, Ib = 2.0 Adc) 


— 

— 

1.5* 


dC = 15 Adc, Ib = 2.0 Adc, Tc = 100°C) 


— 

— 

1.5 


DC Current Gain 

^FE 




— 

dC = 15 Adc, VcE = 5.0 Vdc) 


7.5* 

— 

30* 


dC = 20 Adc, VcE = 5.0 Vdc) 


5.0 

— 

— 



DYNAMIC CHARACTERISTICS (2) 


Current Gain — Bandwidth Product 
(VcE = 10 Vdc, Ic = 0.25 Adc, ftest = 10 MHz) 

fT 

10* 

— 

75* 

MHz 

Output Capacitance 

(VcB = 10 Vdc, lE = 0, ftest = 10 kHz) 

Cob 

100* 

— 

500* 

PF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

dC = 15 Adc, 

Vcc = 250 Vdc, 

Ibi = 2.0 Adc, 

PW = 30 /IS, 

Duty Cycle 2.0%) 

(IB2 = 4.0 Adc, 

RB2 = 1.6 a) 

td 

— 

20 

100* 

ns 

Rise Time 

tr 

— 

200 

500* 

Storage Time 

Is 

— 

1200 

2700* 

Fall Time 

tf 

_ 

200 

350* 

Storage Time 

(VBE(off) = 5.0 Vdc) 

ts 

_ 

650 

— 

Fall Time 

tf 

r- 

80 

— 

Inductive Load (Table 2) | 

Storage Time 

dC = 15 Adc, 

Ibi = 2.0 Adc, 
VBE(off) = 5.0 Vdc, 
VCE(pk) = 400 Vdc) 

(Tc = 100°C) 

tsv 

— 

800 

2700* 

ns 

Fall Time 

tfi 


50 

200* 

Crossover Time 

tc 

— 

90 

250* 

Storage Time 

(Tc - 150'’C) 

tsv 

— 

1050 

— 

Fall Time 

tfi 

— 

70 

— 

Crossover Time 

tc 

- 

120 

— 


(1) Pulse Test: PW — 300 ^is, Duty Cycle « 2.0%. 

(2) fT = IhfElftest 

*lndicates JEDEC Registered Limit 
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Vbe- base emitter voltage (VOLTS) 


Vr, reverse VOLTAGE (VOLTS) 





2N6837 


TYPICAL DYNAMIC CHARACTERISTICS 


RGURE 7 — STORAGE TIME 


-VBE(off) = OVK 


FIGURE 8 ^ STORAGE TIME 


= 2 0 Volts 

VBE(off) = 50 Volts 


2.0 3.0 5.0 7.0 10 

IC, COLLECTOR CURRENT (AMPS) 




— 


































__ 





VBE(off) = 0 Volt^ 




— 

[_ 






J 




1 




Z 

— VBE(otf) = 2 0 Volts _ 



- 

_ 

_ 








r 



— -- 

— 




-V 

3E(off) 


.0 volts — 





— 

— 

— 

— 

— 

- 


- 









1 








— 


2.0 3.0 5.0 7.0 10 

IC. COLLECTOR CURRENT (AMPS) 


FIGURE 9 — COLLECTOR CURRENT FALL TIME 


VBE(off) = 2 0 Volts 


VBE(off) = 5-0 Volts 


= 0 Volts 



30 H Tj = 750c 

20 I-VCC = 20 Volts - 


3.0 5.0 7.0 10 

Iq, collector current (AMPS) 


FIGURE 10 ~ COLLECTOR CURRENT FALL TIME 


VBE(off) = 2.0 Volts^<=KyBE(off) = 5 0 Volts 


VBE(off) = 0 Volts 



30-;8f=10 
2 o-TJ = 75°C _ 

_Vcc = 20 Volts _ 

I0L _J 

2.0 3.0 



5.0 7.0 10 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 11 CROSSOVER TIME 


FIGURE 12 — CROSSOVER TIME 


pBEToffT= 5.0 Volts. T lz: 


1 t--VBE(off) = 2.0 Volts^ 


VBE(off) = 0 Vol^ 


70 - 1 

50_j8f=5 

- Tj = 75°C 

30“ Vcc = 20 Volts 

15I \ L 

2.0 3.0 4.0 5.0 


4.0 5.0 7.0 8.0 10 

IC, COLLECTOR CURRENT (AMPS) 


-VBE(off) = 2 0 Volts = 

_/3f=10 

_Tj = 75°C — 

_ Vcc = 20 Volts 


:^BE(off) = 5 0 Volts 


5.0 70 1( 

Ir, COLLECTOR CURRENT (AMPS) 
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TIME 


FIGURE 14 — REVERSE BASE CURRENT 



GUARANTEED SAFE OPERATING AREA LIMITS 


FIGURE 15 — MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 



FIGURE 16 -- MAXIMUM RATED REVERSE BIAS 
SAFE OPERATING AREA 



SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling abil- 
ity of a transistor; average junction temperature and 
second breakdown. Safe operating area curves indicate 
Ic ~ VcE limits of the transistor that must be observed 
for reliable operation; i.e., the transistor must not be 
subjected to greater dissipation than the curves indicate. 

The data of Figure 15 is based on Tq = 25X; Tj(pk) 
is variable depending on power level. Second break- 
down pulse limits are valid for duty cycles to 10% but 
must be derated when Tq^25°C. Second breakdown 
limitations do not derate the same as thermal limita- 
tions. Allowable current at the voltages shown on Figure 
15 may be found at any case temperature by using the 
appropriate curve on Figure 18. 

Tj(pk) may be calculated from the data in Figure 17. 
At high case temperatures, thermal limitations will re- 


duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base-to-emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value 
of collector current. This can be accomplished by sev- 
eral means such as active clamping, RC snubbing, load 
line shaping, etc. The safe level for these devices is 
specified as Reverse Bias Safe Operating Area and rep- 
resents the voltage-current condition allowable during 
reverse biased turn-off. This rating is verified under 
clamped conditions so that the device is never subjected 
to an avalanche mode. Figure 16 gives the RBSOA 
characteristics. 
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r(t). TRANSIENT THERMAL 
RESISTANCE (NORMALIZED) 
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FIQURE 17 — THERMAL RESPONSE 



FIGURE 18 — POWER DERATING 



td andtr 


TABLE 1 — RESISTIVE LOAD SWITCHING 

OV 


+ Vdc « 11 Vdc 


H.P. 214 
or 

Equiv. 

P.G. 


Rb = 10 




•Ic 

S3 


50 : 



11 V 


tr^15 ns 


vcc i 
1 


Vcc = 250 Vdc 
Rl = len 
Ic = 15 Adc 
Ib = 2.0 Adc 


•Tektronix 
P-6042 or 
Equivalent 



"’'-'Lr.. 

A @ - -f^ — — 


50 




it 


Vcc ± 


' 


s 

II 

Ibi = 2.0 Adc 

Rbi = 7.5 ft 

Rl = 16 ft 

IB2 = ‘♦•0 Adc 

RB2 = 1 >6 ft 

Ic = 15 Adc 

For VBE(off) = 5.0 V 

RB2 = 0 ft 


•Note: Adjust -V to obtain desired VBE(off) at Point A. 
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TYPICAL INDUCTIVE SWITCHING WAVEFORMS 

^8V tfj, tc 


V(BR)CE0 

L = 10 mH 
RB2 = “ 

Vcc = 20 Volts 

•Tektronix 
P-6042 or 
Equivalent 


Inductive Switcning 

L = 200 /iH 

RB2 = 0 

Vcc = 20 Volts 

Rbi selected for desired Ib<| 

Scope — Tektronix 
7403 or 
Equivalent 


Note: Adjust — V to obtain desired VBE(off) A. 


RBSOA 

L = 200 fiH 
RB2 = 0 
Vcc = 20 Volts 
Rbi selected for desired Ibi 






MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BD135r6rl0rl6 

BD137r6,-10rl6 

BD139,-6rl0rl6 


PUVSTIC MEDIUM POWER 
SILICON NPN TRANSISTOR 

. designed for use as audio amplifiers and drivers utilizing 
complementary or quasi complementary circuits. 

• Available in HpE groups -6, '10, -16 

• DC Current Gain — = 40 (Min) @ l^=0.15 Adc 

• BD 135, 137, 139 are complementary with BD 136, 138, 140 


MAXIMUM RATINGS 


CEO 


Rating 

Collector- Emitter Voltage 

Collector- Base Voltage 

Emitter- Base Voltage 
Collector Current 
Base Current 

Total Device Dissipation @T;^ = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tq = 25®C 
Derate above 25°C 
Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


I Rating | Symbol | Typa | Value Unit 


5 

1.5 

05 

1.25 

10 

iz5 

100 

55 to +150 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

^JC 

10 

°c/w 

Thermal Resistance, Junction to Ambient 

^JA 

100 

Oc/W 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Type 

MinjMax 

Unit 

Collector- Emitter Sustaining Voltage* 

■>''CE0‘ 




Vdc 

(Ij, = 0.03 Adc, Ib = 0) 

BD 135 

45 

— 



BD 137 

60 

_ 




BD 139 

80 

_ 


Collector Cutoff Current 

'CBO 




A Adc 

(VcB = 30Vdc. lg = 0) 


— 

0.1 


(VcB = 30 Vdc, Ig = 0. T^, = 125° C) 



- 

10 


Emitter Cutoff Current 

'ebo 




AAdc 

(Vgg = 5.0 Vdc. 1^ = 0) 


— 

10 

j 


OC Current Gain 

h * 





(1 =0.005A, V«p = 2V) 

(lj,= 0.15A,V^£ = 2V) 

^FE 


25 


— 



40 

250 


(1^,= 0.5 A V^e=2V) 



25 

- 


Collector- Emitter Saturation Voltage* 

''cE(sat)* 

j 


i 

Vdc 

= 0.5 Adc. Ip = 0.05 Adc) 




0.5 


Base-Emitter On Voltage* 

'^BE(on)* 




Vdc 

(Ip = 0.5 Adc. Vj,^ = 2.0 Vdc) 


— 

1 


Pulse Test; Pulse Width ^ 300 )u. Duty Cycle ^ 2.0% 





1.5 AMPERE 
POWER TRANSISTOR 

NPN SILICON 

45. 60. 80 VOLTS 
10 WATTS 




NOTIS: 

1. MT = MAIN TERMINAL 

2. LEADS, TRUE POSITIONED WITHIN 0.25mm 
DIA TO DIM A & 8 AT MAXIMUM MATERIAL 
CONDITION. 


CASE 77-05 
TO-126 
















BD135,-6,-10,-16, BD137,-6,-10,-16, BD139,-6,-10,-16 


FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 



1 2 5 10 20 50 80 


VcE, COLLECTOR-EMITTER VOLTAGE 
(VOLT) 


Available in groups 


Min. 

Max. 

(At Ic = 0.15 A, VcE = 2 V) HpE group: 

-6 

40 

100 


-10 

63 

160 


-16 

100 

250 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BD136, -6,-10, -16 
BD138,-6,-10,-16 
BD140,-6,-10,-16 


PLASTIC MEDIUM POWER 
SILICON PNP TRANSISTOR 

designed for use as audio amplifiers and drivers utilizing 
complementary or quasi complementary circuits. 

• Available in Hfe flroups -6, -10, -16 

• DC Current Gain — hpg*40 (Min) @ l^*0.15Adc 

• BD 136, 138, 140 are complementary with BD 135, 137, 139 


MAXIMUM RATINGS 


Rating 

Symbol 

Typa 

Valua 

1 Unit 



BD 136 

45 


Collector- Emitter Voltage 

''cEO 

BD 138 

60 

Vdc 


BD 140 

80 

1 

1 



BD 136 

45 


Collector- Base Voltage 

''CBO 

BD 138 

60 

Vdc 


BD 140 

100 


Emitter- Base Voltage 

''ebo 

1 ... . _ _ 

5 

Vdc 

Collector Current 

'c 

i 

1 .... . 

1.5 

Adc 

Base Current 

'b 


0.5 

Adc 

Total Device Dissipation ©T/^ = 25®C 

Pd 


1.25 

Watts 

Derate above 25° C 



10 

mW/°C 

Total Device Dissipation @Tc“25°C 

Pd 


12.5 

Watt 

Derate above 25°C 



100 

mW/°C 

Operating and Storage Junction 

Tj^Trtg 


-55 to +150 

°C 


I Temperature Range | 

THERMAL CHARACTERISTICS 


Charactarittic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

®JC 

10 

°c/w 

Thermal Resistance, Junction to Ambient 

®JA 

100 

°c/w 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic Symbol Type Min Ma 

Collector- Emitter Sustaining Voltage* BV^_^* 

(U = 0.03Adc. Io = 0) BD 136 45 — 


Collector Cutoff Current 
(VAo = 30Vdc. U =01 
'VcB = 30Vdc,lg=0,Tj, 

Emitter Cutoff Current 
(Vgg-50 Vdc. I^«0) 

DC Current Gain 
(I = 0.005A. V p = 2 V) 
(U= 0.15A, Vap =2V) 


Collector- Emitter Saturation Voltage* V 

(1^, = 0.5 Adc, Ig = 0,05 Adc) 

Base- Emitter On Voltage* V 

(Ifs = 0.5 Adc, V^p = 2.0 Vdc) 

* Pulse Test: Pulse Width 5 300 |u. Duty Cycle 5 2.0%. 


Typa 

Min 

Max 

Unit 

BD 136 
BD 138 
BD 140 

45 

60 

80 

- 

Vdc 


- 

0.1 

10 

^Atjc 


- 

10 

fiMc 


25 

40 

25 

250 



— 

0.5 

Vdc 


- 

1 

1 Vdc 


1.5 AMPERE 
POWER TRANSISTOR 

PNP SILICON 

45, 60, 80 VOLTS 
10 WATTS 






:7- : 


tuo JL, 


.15 1.39 0.045 

I.M 0.M o.ia5 

1.69 3.83 Q.145 


NOTES. 

1. MT = MAIN TERMINAL. 

2. LEADS, TRUE POSITIONED WITHIN 0.25mm (0.0 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION 


CASE 77-05 
TO-126 


3-285 








80136 ,- 6 ,- 10 ,- 16 , 80138 ,- 6 ,- 10 ,- 16 , 80140 ,- 6 ,- 10,-16 



FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 



1 2 5 10 20 50 80 


VcE, COLLECTOR-EMITTER VOLTAGE 
(VOLT) 


Available in groups 

(at lc= 0.15 A, VcE 2 V) Hpg group: 



Min. 

Max. 

-6 

40 

100 

10 

63 

160 

16 

100 

250 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BD157 

BD158 

BD159 


PLASTIC MEDIUM POWER NPN 
SILICON TRANSISTOR 

. . . designed for power output stages for television, radio, phonograph 
and other consumer product applications. 

• Suitable for Transformerless, Line-Operated Equipment 

• Thermopadt Construction Provides High Power Dissipation Rating 

for High Reliability 


•maximum ratings 


Rating 

Symbol 

BD 157 

BD 158 

BO 159 

Unit 

Collector-Emitter Voltage 

VCEO 

250 

300 

350 

Vdc 

Collector-Base Voltage 

VcB 

275 

325 

375 

Vdc 

Emitter-Base Voltaoe 

VEB 

— 5.0 ^ 

Vdc 

Collector Current — Continuous 

Peak 

•c 

— 0.5 ► 

— 1.0 

Adc 

Base Current 

IB 

0.25 ► 

Adc 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Pd 

• « 

0.16 

Watts 

W/OC 

Operating and Storage Junction 
Temperature Range 

Tj.Tstg 

-65 to + 1 50 

OC 


•thermal characteristics 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

^JC 


OC/W 


ELECTRICAL CHARACTERISTICS (Tc = 25^0 unless otherwise noted) 


Characteristic 

Symbol | Type 

Min 

Max ] Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
{\q =1.0 mAdc, Is “ 0) 

^''CEO 

BD 157 
BD 158 
BD 159 


- 


Collector Cutoff Current 
(At rated voltage) 

'CBO 


- 

100 


Emitter Cutoff Current 
(Veb = 5.0 Vdc. Ic = 0) 

•ebo 


- 

100 

MAdc 

ON CHARACTERISTICS 




DC Current Gain 

Oc = 50 mAdc, Vqe = 10 Vdc) 

^FE 


30 

240 

- 


0.5 AMPERE 
POWER TRANSISTOR 

NPN SILICON 


250-300-350 VOLTS 
20 WATTS 




" I — I c 


STYLE 1: 

RN 1. EMITTER 

2. COLLECTOR 

3. BASE 


NOTES: 

1. MT = MAIN TERMINAL. 

2. LEADS, TRUE POSITIONED WITHIN 0.25mm (0.010) 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION. 


MM 

MILUM 

lETERS 

INC 

HES 

MIN 

MAX 


MAX 

A 

10.80 

11.04 

0.425 

0.435 

B 

7.50 

7.74 

0.295 

0.305 

c 

2.42 

2.66 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.93 

3.17 

0.115 

0.126 

6 

2.32 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.39 

0.63 

0.015 

0.025 

K 

14.61 

16.63 

0.575 

0.655 

M 

3on 

FYP 

3'’- 

lYP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.15 

1.39 

0.045 

0.055 

S 

0.64 

0.88 

0.025 

0.035 

U 

3.69 

3.93 

0.145 

0.155 

V 

1.02 

— 

0.040 

— 


CASE 77-05 
TO-126 
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Ic, COLLECTOR CURRENT (AMPS) Pq. POWER DISSIPATION (WATTS) 


BD157, BD158, BD159 



Tc, CASE TEMPERATURE (°C> 



10 ■ 20 30 50 100 200 300 500 

Ic. COLLECTOR CURRENT (mA) 


FIGURE 3 - DC SAFE OPERATING AREA 



10 20 30 50 100 200 300 


The Safe Operating Area Curves indicate Ic~Vce limits belov\ 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power cohditions. 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 4 - CURRENT GAIN 
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— VcE = 10 V 















m 
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— VcE = 2.0 V~ 







MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


PLASTIC MEDIUM POWER 
SILICON NPN TRANSISTOR 

designed for use as audio amplifiers and drivers utilizing 
complementary or quasi complementary circuits. 



• DC Current Gain — hp^ = 40 (Min) 


l^= 0.15 Adc 


• BD 165, 167, 169 are complementary with BD 166, 168, 170 


MAXIMUM RATINGS 


Rating 

Symbol 

Typo 

Value 

Unit 



BD 165 

45 


Collector- Emitter Voltage 

''cEO 

BD 167 

60 

Vdc 



BO 169 

80 




BO 165 

45 


Collector- Base Voltage 

''CBO 

BD 167 

60 

Vdc 



BO 169 

80 


Emitter- Base Voltage 

''ebo 

5 

Vdc 

Collector Current 

'c 

1.5 

Adc 

Base Current 

'b 

0.5 

Adc 

Total Device Dissipation @Ta = 25°C 

Pd 


1.25 

1 Watts 

Derate above 25° C 



8 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 


20 

Watt 

Derate above 25°C 



160 

mW/°C 

Operating and Storage Junction 

Tj.Tstg 


—65 to +150 

OC 

Temperature Range 






THERMAL CHARACTER ISTfCS 


Characteristic 

Symbol 

Max 

Unit 

■ 

Thermal Resistance, Junction to Case 

®JC 

6.25 

°c/w 

■ 

Thermal Resistance. Junction to Ambient 

® lA 

100 

°c/w 

n 


ELECTRICAL CHARACTERISTICS (Tq 
Characteristic 

Col lector -Emitter Sustaining Voltage* 


25°C unless otherwise noted) 



Collector Cutoff Current 
(V^B-45 Vdc, 1=0) 

(V^o=60 Vdc. lp = 0) 

(V^g = 80 Vdc, lp = 0) 

Emitter Cutoff . Current 
{Vgp = 5.0 Vdc. I^, = 0) 

DC current Gain 
(I :-0.15A, V =2V) 

(I^.Q.S A.V^| = 2V) 

Collector- Emitter Saturation Voltage* V^ 

(l^ = 0.5Adc, lg= 0.05 Adc) 

Base- Emitter On Voltage* V 

(l^. = 0.5Adc, V^P = 2.0 Vdc) 

Current-Gain- Bandwidth Product 

(l^ = 500mAdc,V^^= 2 Vdc, f = 1 .0 MHz) 

Pulse Test: Pulse Width- g 300 ps. Duty Cycle ^ 2.0%. 




1.5 AMPERE 
POWER TRANSISTOR 

NPN SILICON 

45, 60, 80 VOLTS 
20 WATTS 








STYLE 1; 

PINT EMITTER 

2. COLLECTOR 

3. BASE 


1. MT = MAIN TERMINAL. 

2. LEADS, TRUE POSITIONED WITHIN 0,25mm (0,0 
DIA TO DIM A & 6 AT MAXIMUM MATERIAL 
CONDITION. 


CASE 77-05 
TO-126 










BD165, BD167, BD169 



0 20 40 60 80 100 120 140 160 

Tc. CASE TEMPERATURE (**0 


FIGURE 2 - SAFE OPERATING AREA 
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VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) See Note 1 


FIGURE 3 _ COLLECTOR SATURATION REGION 



1 


5 10 


SO 100 

Ib. base current (mA) 


500 1000 



0.01 0,05 0,1 0,5 1 

Ic, COLLECTOR CURRENT (A) 


FIGURE 5 -"ON " VOLTAGE 



Nbte 1: 

There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating are'a curves indicate Iq - Vqe limits of the transistor 
that must be observed for reliable operation; i.e,, the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 2 is based on Tj(p|^) = 150®C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|^) <:150°C. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. (See AN-415) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



PLASTIC MEDIUM POWER 
SILICON PNP TRANSISTOR 

. . . designed for use as audio amplifiers and drivers utilizing 
complementary or quasi complementary circuits. 

• DC Current Gain— hpg = 40 (Min) @ l^=0.15 Adc 

• BD 166, 168, 170 are complementary with BD 165, 167, 169 


MAXIMUM RATINGS 




HqqH 


[IQQIII 



BD 166 



Collector- Emitter Voltage 

'^CEO 

BO 168 
BD 170 

60 

80 




BD 166 

45 


Collector- Base Voltage 

VcBO 

BO 168 

60 




BD 170 

80 

■1 

Emitter- Base Voltage 

''ebo 


b 


Collector Current 

'c 


1.5 

MiEiSIIIIII 

Base Current 

'b 


0.5 

Adc 

Total Device Dissipation @T/^ = 25°C 

Pd 


1.25 


Derate above 25°C 



10 


Total Device Dissipation @Tc = 25°C 

Pd 


20 


Derate above 25°C 



160 


Operating and Storage Junction 

1- 


-65 to +150 

■inn 

Temperature Range 



■■ 


THERMAL CHARACTERISTICS 


Characteristic 


Max 


Thermal Resistance, Junction to Case 

®JC 

6.25 

°C/W 

Thermal Resistance, Junction to Ambient 

®JA 

100 

°C/W 


ELECTRICAL CHARACTERISTICS (T^ - 25°C unleK otherwise noted) 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector- Emitter Sustaining Voltage* 

(lj, = 0.1 Adc, lg = 0) 

«''CE0 

BD 166 
BO 168 
BD 170 

45 

60 

80 

_ 

Vdc 

Collector Cutoff Current 
(V^ -45 Vdc, 1=0) 

(V^° = 60 Vdc, lp = 0) 

(V^° = 80 Vdc, lp = 0) 

'CBO 

BD 166 
BD 168 
BD 170 


01 

0.1 

0.1 

mAdc 

Emitter Cutoff Current 
(Vjjp = 5.0 Vdc, 1^ = 0) 

'ebo 




1.0 

mAdc 

■DsSQDDssBDHHHHH 




a 

■ 

Collector- Emitter Saturation Voltage* 

(Ip -0.5 Adc. Ip =0.05 Adc) 

''CE(.«) 


■ 



Base- Emitter On Voltage* 

(Ip -0.5 Adc. V^p-2 0 Vdc) 

''BE(on) 


B 



Current-Gain- Bandwidth Product 

(l^-500mAdc,V^ - 2 Vdc, f- 1.0 MHz) 

't 


6.0 

_ 

MHz 


* Pulw Test; Pulse Width $ 300 tu. Duty Cycle S 2.0%. 


BD166 

BD168 

BD170 


1.5 AMPERE 
POWER TRANSISTOR 

PNP SILICON 

45, 60. 80 VOLTS 
20 WATTS 




CASE 77-05 
TO-126 


3-291 

















BD166, BD168, BD170 



0 20 40 60 80 100 120 140 160 

Tj. CASE TEMPERATURE(®C) 



5.0 7.0 TO 20 30 50 70 100 


VcE, COLLECTOR EMITTER VOLTAGE (VOLTS) See Note 



1 5 10 50 100 500 1000 

le. BASE CURRENT (mA I 


3 



0,01 0.05 0,1 0,5 1 

Ic COLLECTOR CURRENT (A) 


FIGURE 5 -"ON ” VOLTAGE 



10 50 100 SOO 1000 

Ic . COLLECTOR CURRENT ( nA | 


Note 1 : 

There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdovvn. 
Safe operating area curves indicate Iq ■ Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 2 is based on Tj(pk| = 150°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles xo 10% provided TJ(p|^) ^150®C. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. (See AN-415) 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


PLASTIC MEDIUM POWER 
SILICON NPN TRANSISTOR 

. . . designed for use in 5 to 1 0 Watt audio amplifiers and drivers 
utilizing complementary or quasi complementary circuits. 

• DC Current Gain— = 40 (Min) @ l^ = 0.15 Adc 

• BD 175, 177, 179 are complementary with BD 176, 178, 180 

• Available in Hpg groups -6, -10, -16 


MAXIMUM RATINGS 


Rating 

Symbol 

Type 

Value 

Unit 



BD 175 

45 


Collector- Emitter Voltage 

'^CEO 

BD 177 

60 

Vdc 


BD 179 

80 




BD 175 

45 


Collector- Base Voltage 

''CBO 

BD 177 

60 

Vdc 


BD 179 

80 


Emitter- Base Voltage 

'^EBO 


5 

Vdc 

Collector Current 

'c 


3.0 

Adc 

Base Current 

'b 


1.0 

Add 

Total Device Dissipation T^=25°C 
Derate above 25“C 

^D 

1 


30 

240 

Watts 

mW/®C 

Operating and Storage Junction 
Temperature Range 



—65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 


Max 

Unit 

Thermal Resistance, Junction to Case 

"JC 


4.1 6 

« C/W 


ELECTRICAL CHARACTERISTICS (T^ - 25°C unless olherwcse noted) 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector- Emitter Sustaining Voltage* 

(1^ =01 Adc, lg = 0) 

'"'cEo' 

BD 175 
BD 177 
BD 179 

45 

60 

80 

- 

Vdc 

Collector Cutoff Current 
(V =45 Vdc, 1=0) 

(Vj:“ = 60 Vdc, lp = 0) 

(V^“ = 80 Vdc, lg = 0) 

‘CBO 

BD 175 
BD 177 
BD 179 

- 

— 

0.1 

0.1 

0.1 

mAdc 

Emitter Cutoff Current 
(Vgg = 5.0 Vdc, 1^ = 0) 

'ebo 


- 

1.0 

mAdc 

DC current Gain / -6 

dc “ 0.15 A, VcE “ 2 V) < group -10 
\ -1 6 

dc-IA, VCE-2V) 

''fe' 


40 

63 

100 

15 

100 

160 

250 


Collector- Emitter Saturation Voltage* 

(l^, = 1 Adc, l 0 = O.1 Adc) 

^CE(sat)* 


- 

0.8 

Vdc 

Base- Emitter On Voltage* 

(1^=1 Adc, Vj.g = 2.0 Vdc) 

'^BE(on)’ 


- 

1.3 

Vdc 

Current-Gain-Bandwidth Product 
(1^ = 250 mAdc, V^g = 10Vdc,f = 1 OMHz) 

't 


3.0 

- 

MHz 


BD175r6rlO,-16 
BD177, -6,-10 
BD179,-6,-10 


3 AMPERE 

POWER TRANSISTOR 
NPN SILICON 


45, 60, 80 VOLTS 
30 WATTS 



NOTES; 

1. MT = MAIN TERMINAL 

2. LEADS, TRUE POSITIONED WITHIN 0.25mm (0.010) 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MIUJN 

ETERS 

INC 

m 

MW 

MAX 


Max 

A 

10.80 

11.04 

0.425 

0.435 

fi 

7.50 

7.74 

0.295 

0.305 

c 

2.42 

2.66 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.93 

3.17 

0,116 

0.125 

G 

2.32 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.39 

0.63 

0.015 

0.025 

K 

14.61 

16.63 

0.575 

0.655 

M 

3°) 

FYP 

3“1 

FYP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.15 

1.39 

0.045 

0.055 

S 

0.64 

0.88 

0.025 

0.035 

U 

3.69 

3.93 

0.145 

0.155 

V 

1.02 

_ 

0.040 

- 


CASE 77-05 
TO-126 


Pulse Test: Pulse Width ^ 300 >is, Duty Cycle £ 2.0%. 





(t), NORMALIZED EFFECTIVE TRANSIENT hFE DC CliHRirM GAIN, NORMALIZED Vet COLLECTOR EMITTER VOLTAGE (VOLTS) IC. COLLECTOR CURRENT (AMP) 

THERMAL RESISTANCE 


80175,-6,-10,-16, 80177,-6,-10, 80179,-6,-10 


FIGURE 1 

5.0 — 


ACTIVE REGION SAFE OPERATING AREA 


sisaggississssi 

■■naiK SQiiSk ^ 
IIISII I 


nj^iso^ci 
■ SECONDARY BREAKDOWN LIMITATION 
^THERMAL LIMITATION 1 ill 
t (BASE-EMITTER DISSIPATION IS - 
f SIGNIFICANT ABOVE lc = 2.0 AMP) - 
f PULSE DUTY CYCLE < 10% -H 


“iliSKSfl 

:nmil 

iBSKMlil 


The Safe Operating Area Curves indicate Iq-Vce limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state ano pulse power conditions. 
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FIGURE 3~CURRENT GAIN 


IB, BASE CURRENT (mA) 


FIGURE 4— "ON" VOLTAGE 
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FIGURE 5 THERMAL RESPONSE 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BD176, -6,-10, -16 
BD178,-6,-10 
BD180,-6,-10 


PLASTIC MEDIUM POWER 
SILICON PNP TRANSISTOR 

. . . designed for use in 5 to 10 Watt audio amplifiers and drivers 
utilizing complementary or quasi complementary circuits. 

• DC Current Gain — hp^ = 40 (Min) @ l^ = 0.15 Adc 

• BD 176, 178, 180 are complementary with BD 175, 177, 179 

• Available in HpE groups -6, -10, -16 

MAXIMUM RATINGS 


Rating 

Symbol 

Type 

Value 

Unit 

Collector- Emitter Voltage 

'^CEO 

BD 176 
BD 178 
BD 180 

45 

60 

80 

Vdc 

Collector- Base Voltage 

^CBO 

BD 176 
BD 178 
BD 180 

45 

60 

80 

Vdc 

Emitter- Base Voltage 

^'ebo 


5 

Vdc 

Collector Current 

'c 


3.0 

Adc 

Base Current 

'b 


1.0 

Adc 

Total Device Dissipation T^-25°C 
Derate above 25°C 

'■d 


30 

240 

Watts 

mW/oC 

Operating and Storage Junction 
Temperature Range 

^jTslg 


--65 to +150 

°C 

THERMAL CHARACTERISTICS 





Characteristic 

Symbol 


Max 

Unit 

Thermal Resistance, Junction to Case 

«JC 


4.16 

o C/W 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector-Emitter Sustaining Voltage* 

(1^ = 01 Adc. lg = 0) 

«''CE0‘ 

BD 176 
BD 178 
BD 180 

45 

60 

80 

- 

Vdc 

Collector Cutoff Current 
(V =45 Vdc, lp = 0) 

(V^g = 60 Vdc, lp = 0) 

(V^q = 80 Vdc, lp = 0) 

'CBO 

BD 176 
BD 178 
BD 180 

- 

0.1 

0.1 

0.1 

mAdc 

Emitter Cutoff Current 
(Vgg = 5.0 Vdc, 1^ = 0) 

'ebo 


- 

1.0 

mAdc 

DC Current Gain ( -6 

(IC-0.15 A, Vce* 2V) ^ group -10 

(IC*1A. Vce-2V) 

'’fe' 


40 

63 

100 

15 

100 

160 

250 


Collector- Emitter Saturation Voltage* 

(1^ = 1 Adc, lg = 0.1 Adc) 

hy r- 

CE(sat) 


- 

0.8 

Vdc 

Base- Emitter On Voltage* 

(1^ = 1 Adc, V^p = 2.0 Vdc) 

^BE(on)* 


- 

1.3 

Vdc 

Current- Gain- Bandwidth Product 

(1^ = 250 mAdc, V^p = 10 Vdc, f = 1 .0 MHz) 

't 


3.0 

- 

MHz 


• Pulse Test; Pulse Width g 300 jis. Duty Cycle S 2.0%. 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


PLASTIC MEDIUM POWER 
SILICON NPN TRANSISTOR 

. . . designed for use in 5 to 10 Watt audio amplifiers utilizing 
complementary or quasi complementary circuits. 

• DC Current Gain — hpg = 40 (Min) @ l^ = 0.5 Adc 

• BD 185, 187, 189 are complementary with BD 186, 188, 190 


MAXIMUM RANGS 


Rating 

Symbol 

Type 

Value 

Unit 



BD 185 

30 


Collector- Emitter Voltage 

'^CEO 

BD 187 

45 

Vdc 


BD 189 

60 




BD 185 

40 


Collector- Base Voltage 

^CBO 

BD 187 

55 

Vdc 


BD 189 

70 


Emitter- Base Voltage 

'^EBO 


5 

Vdc 

Collector Current 

'c 


4.0 

Adc 

Base Current 

'b 


2.0 

Adc 

Total Device Dissipation T^=25°C 

Pq 


40 

Watts 

Derate above 25°C 



320 

mW/°C 

Operating and Storage Junction 

T, T , 

J, stg 


— 65 to +1 50 

«C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 


Max 

Unit 

Thermal Resistance, Junction to Case 

^JC 


3.12 

^ C/W 


ELECTRICAL CHARACTERISTICS (T^ = 25<>C unless otherwise noted) 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector- Emitter Sustaining Voltage* 

«''CE0‘ 




Vdc 

(l^ = 0.1 Adc, lg = 0) 

B.D 185 

30 





BD 187 

45 

— 




BD 189 

60 

— - 


Collector Cutoff Current 

'CBO 




mAdc 

(V =40 Vdc, 1 =0) 

(V^° = 55 Vdc, C = 0) 

(V^g = 70 Vdc, lg = 0) 

BD 185 

— 

0.1 



BD 187 

— 

0.1 



BD 189 

— 

0.1 


Emitter Cutoff Current 

'ebo 




mAdc 

(VQg = 5.0 Vdc, 1^ = 0) 


— 

1.0 


DC current Gain 

'’fe' 





(l- = 0.5A, V =2V) 

(l^=2A, V« = 2V) 


40 

— 




15 

— 


Collector- Emitter Saturation Voltage* 

''cE(sat)' 


■ 

■1 

Vdc 

(1^ = 2Adc, lg = 0.2 Adc) 


■ 

D 


Base- Emitter On Voltage* 



■I 



(1^. = 2Adc, V^^ = 2.0 Vdc) 


B 

m 


Current-Gain-Bandwidth Product 

fj 


H 

■ 


(1^ = 10 Adc, V^g = 10 Vdc, f = 1.0 MHz) 




B 



• Pulse Test; Pulse Width ^ 300 ns, Duty Cycle ^ 2.0%. 


BD185 

BD187 

BD189 


4 AMPERE 
POWER TRANSISTOR 

NPN SILICON 


30, 45, 60 VOLTS 
40 WATTS 


MARCH 1970— E-003 



NOTES: 

1. MT = MAIN TERMINAL. 

2. LEADS, TRUE POSITIONED WITHIN 0.25mm 10.010) 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MiLUM 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.04 

0,425 

0.435 

B 

7.50 

7.74 

0.295 

0.305 

c 

2.42 

2.66 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.93 

3.17 

0,115 

0.125 

G 

2.32 

2.46 

0.091 

0,097 

H 

1,27 

2.41 

0.050 

0.095 

” jH 

0.39 

0.63 

0.015 

0.025 

K 

14.61 

16.63 

0.575 

0.655 

M 1 

3-1 

rvp 

3«1 

FYP 

Q 

3.76 

4.01 

0.148 

0.158 


1.15 

1.39 

0.045 

0.055 

IlJ 

0.64 

0,88 

0.025 

0.035 


3.69 

3.93 

0.145 

0.155 

Ivj 

1.02 

- 

0.040 

_ 


CASE 77-05 
TO-126 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BD186 
88 
BD190 


PLASTIC MEDIUM POWER 
SILICON PNP TRANSISTOR 

. . designed for use in 5 to 10 Watt audio amplifiers utilizing 
complementary or quasi complementary circuits. 

• DC Current— hpg = 40 (Min) @ 

• BD 186, 188, 190 are complementary with BD 185, 187, 189 


MAXIMUM RANGS 


Rating 

Symbol 

Type 

Value 

Unit 



BD 186 

30 


Collector- Emitter Voltage 

^CEO 

BO 188 
BD 190 

45 

60 

Vdc 



BD 186 

40 


Collector- Base Voltage 

V 

CBO 

BD 188 

55 

Vdc 


BD 190 

70 


Emitter- Base Voltage 

'^EBO 


5 

Vdc 

Collector Current 

. 'c. 


4.0 

Adc 

Base Current 

'b 


2.0 

Adc 

Total Device Dissipation T-=25®C 

Pp 


40 

Watts 

Derate above 25°C 



320 

mW/oC 

Operating and Storage Junction 

^J, ^stg 


-65 to +150 

“C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 


Max 

Uf>it 

Thermal Resistance, Junction to Case 

^JC i 


3.12 

« c/w 


ELECTRICAL CHARACTERISTICS (T^ = 25“C unless otherwise noted) 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector- Emitter Sustaining Voltage* 

®''CE0' 




Vdc 

(l^ = 0.1 Adc, lg = 0) 

BD 186 

30 

— 



BD 188 

45 





BD 190 

60 

— 


Collector Cutoff Current 

'cBO 




mAdc 

(V =40 Vdc, 1=0) 

BD 186 

~ 

0.1 


(Vj:° = 55Vdc, lp = 0) 

(V^g = 70Vdc, lg = 0) 


BD 188 

— ■ 

0.1 



BD 190 

— 

0.1 


Emitter Cutoff Current 

'ebo 

1, 




mAdc 

(Vgg = 5.0 Vdc, 1^ = 0) 


— 

1.0 


DC current Gain 






(lc = 0.5A, V =2V) 

(1^-2 A, V^g-2V) 


40 

— 



j 

i 

15 

~ 


Collector- Emitter Saturation Voltage* 

'^CE(sat)* 




Vdc 

(l^ = 2.0 Adc, lg = 0.2 Adc) 


— 

1.0 


Base- Emitter On Voltage* 

(l^ = 2.0Adc, V^g = 2.0 Vdc) 

'^BE(on)* 


— 

15 

Vdc 

Current-Gain- Bandwidth Product 





MHz 

(1^ = 10 Adc, V^g = 10 Vdc, f=1.0 MHz) 

1 


2.0 

— 



* Pulse Test: Pulse Width ^ 300 jts. Duty Cycle ^ 2.0%. 
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BD186, BD188, BD190 


3 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



The Safe Operating Area Curves indicate Ic~Vce limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse povver conditions. 
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FIGURE 3— NORMALIZED DC CURRENT ®ASE CURRENT (mA) FIGURE 4— "ON" VOLTAGE 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BD205 

BD207 


PLASTIC HIGH POWER 
SILICON NPN TRANSISTOR 

. . . designed for use in high power audio amplifiers utilizing 
complementary or quasi complementary circuits. 

• DC Current Gain — hpg=30 (Min) @ l^=2.0Adc 

• BD 205, 207 are complementary with BD 206, 208 


MAXIMUM RATINGS 


Rating 

Symbol 

Type 

Value 

Unit 

Collector- Emitter Voltage 

''cEO 

BD 205 
BD 207 

45 

60 

Vdc 

Collector- Base Voltage 

''CBO 

BD 205 
BD 207 

55 

70 

Vdc 

Emitter- Base Voltage 

'^EBO 


5 

Vdc 

Collector Current 

'c 


10.0 

Adc 

Base Current 

'b 


6.0 

Adc 

Total Device Dissipation T^=25<*C 
Derate above 25<’C 

■•d 


90 

720 

Watts 

mW/oC 

Operating and Storage Junction 
Temperature Range 

^J, ^Stg 


—55 to +150 

“C 

1 

i 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 


Max 

Unit 

Thermal Resistance, Junction to Case 

»JC 


1.39 

« C/W 


ELECTRICAL CHARACTERISTICS (T^ = 25"C unless otherwise noted) 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector- Emitter Sustaining Voltage* 

(l^.= 0.2 Adc, lg = 0) 

«''CE0‘ 

BD 205 
BD 207 

45 

60 

- 

Vdc 

Collector Cutoff Current 
(V =55 Vdc, 1 =0) 

(V^g = 70 Vdc. 1^ = 0) 

'CBO 

BD 205 
BD 207 

- 

1.0 

1.0 

mAdc 

Emitter Cutoff Current 
(Vgg = 5.0 Vdc, 1^ = 0) 

'ebo 


- 

2.0 

mAdc 

DC current Gain 
(U » 2A, V-p = 2 V) 



30 

15 

- 


Collector- Emitter Saturation Voltage’ 

(1^ = 4 Adc, Ig = 0.4 Adc) 

''cE(sat)’ 


— 

1.1 

Vdc 

Base- Emitter On Voltage* 

(1^ = 4 Adc, = 2.0 Vdc) 

''BE(on)* 


— 

1.6 

Vdc 

Current- Gain -Bandwidth Product 
(1^ = 1 .0 Adc, V^g = 1 0 Vdc. f = 1 .0 MHz) 

‘t 


1.5 

- 

MHz 


* Pulse Test: Pulse Width ^ 300 jis. Duty Cycle ^ 2.0%. 


10 AMPERE 
POWER TRANSISTOR 

NPN SILICON 


45, 60 VOLTS 
90 WATTS 




When mounting the device, torque not to exceed 0.09 m-kg. 

If lead bending is required, use suitable clamps or other supports 
between transistor case and point of bend. 

All dimensions in millimeters 

CASE 90 


3 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BD206 

BD208 


PLASTIC HIGH POWER 
SILICON PNP TRANSISTOR 

. . . designed for use in high power audio amplifiers utilizing 
complementary or quasi complementary circuits. 

• DC Current — 30 (Min) @ Iq= 2.0 Adc 

• BD 206, 208 are complementary with BD 205, 207 


MAXIMUM RATINGS 


Rating 

Symbol 

Type 

Value 

Unit 

Collector- Emitter Voltage 

^CEO 

BD 206 

BD 208 

45 

60 

Vdc 

Collector- Base Voltage 

'^CBO 

BD 206 

BD 208 

55 

70 

Vdc 

Emitter- Base Voltage 

^EBO 


5 

Vdc 

Collector Current 

'c 


10.0 

Adc 

Base Current 

'b 


6.0 

Adc 

Total Device Dissipation T^ = 25°C 
Derate above 25°C 

"d 


90 

720 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T , T ^ 

J, stg 

i 

— 55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

— 

Max 

Unit 

Thermal Resistance, Junction to Case 

^JC I 


1.39 

° C/W 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector- Emitter Sustaining Voltage* 

(1^ = 0 2 Adc, lg = 0) 


BD 206 
BD 208 

45 

60 

- 

Vdc 

Collector Cutoff Current 
(V =55 Vdc, 1=0) 

(V^g=70 Vdc, 1^=0) 

'CBO 

BD 206 
BD 208 

- 

1.0 

1.0 

mAdc 

Emitter Cutoff Current 
(Vg^ = 5.0 Vdc, 1^ = 0) 

'ebo 


- 

2.0 

mAdc 

DC current Gain 
(1 = 2A, V - 2 V) 

(Ic'4A. V^^-2V) 

•'fe' 


30 

15 

_ 


Collector- Emitter Saturation Voltage* 

(1^ = 4 Adc, lg=0.4Adc) 

''cE(sat)* 


- 

1.1 

Vdc 

Base- Emitter On Voltage* 

(1^ = 4 Adc, V^^ = 2.0Vdc) 

^BE(on) 


- 

1.6 

Vdc 

Current-Gain- Bandwidth Product 
(1^ = 10 Adc, V^g = 10 Vdc, f=1.0 MHz) 

't 


1.5 

- 

MHz 


* Pulse Test: Pulse Width ^ 300 ns. Duty Cycle ^ 2.0%. 


10 AMPERE 
POWER TRANSISTOR 

PNP SILICON 


45, 60 VOLTS 
90 WATTS 




3 
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AGE (VOLTS) iC. COLLECTOR CURRENT (AMP) 


BD206, BD208 


FIGURE 1— ACTIVE REGION DC 
SAFE OPERATING AREA 



FIGURE 3 — "ON" VOLTAGES 



FIGURE 2 — POWER-TEMPERATURE 
DERATING CURVE 



Tc, CASE TEMPERATURE (OC) 


FIGURE 4 — CURRENT GAIN 


500 
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0.01 0.05 0.1 0.5 1.0 5.0 10 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



NPN SILICON MEDIUM POWER TRANSISTORS 


• For Power Ouput Stages and Line Driver in Television Receivers 


0.5 AMPERES 

NPN SILICON 
POWER TRANSISTOR 

300 VOLTS 
20 WATTS 



MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Base Current 


Total Device Dissipation @ T^. = 250C 
Derate above 250C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 





JL. 
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Ic, COLLECTOR CURRENT (A) 


BD232 


ELECTRICAL CHARACTERISTICS {Tq = 25^0 unless otherwise noted) 



OFF CHARACTERIStICS (1) 


Collector-Emitter Sustaining Voltage 
dC = 10 mAdc, Ib ^0) 

VCEO(sus) 

300 

- 

Vdc 

Collector Cutoff Current 

(VcE = BOOVdc, VbE = 0) 

•CES 

- 

0.1 

mAdc 

Base-Emitter Voltage 

(VcE ='5 Vdc, Ic = 150 mA) 

VbE 

- 

1.0 

Vdc 

DC Current Gain 

(VcE = 5 V, Iq = 50 mA) 

(VcE = 5 V, Ic = 150 mA) 

[ hpE 

25 

20 

150 


Collector Emitter Saturation Voltage 
dc = T50 mA, Ib = 15 mA) 

VcE(sat) 


1.0 

1 

Vdc 



FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second break- 
down. Safe operating area curves indicate Ic '^CE limits pf 
the transistor that must be observed for reliable operation, 
i.e., the transistor must not be subjected to greater dissipa- 
tion than the curves indicate. 

The data of figure 6 is based on Tj(p|<) » 150OC, Tcisvariable 
depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj{p|<) < ISO^C. 
Tj(pk) may Be calculated from the data in figure 7. At high 
case temperatures, thertnal limitations will reduce the power 
that can be handled to values less than the limitations 
imposed by second breakdown. (See AN-41 5A) 


10 20 30 50 100 200 300 

VcE, COLLECTOR EMITTER VOLTAGE (V) 


FIGURE 3 - "ON" VOLTAGES 



Ic. COLLECTOR CURRENT (mA) 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


BD233 

BD235 

BD237 


PLASTIC MEDIUM POWER 
SILICON NPN TRANSISTOR 

. . . designed for use in 5 to 1 0 Watt audio amplifiers and drivers 
utilizing complementary or quasi complementary circuits. 

• DC Current Gain — hpg = 40 (Min) @ l^=0.15Adc 

• BD 233, 235, 237 are complementary with BD 234, 236, 238 


MAXIMUM RATINGS 


Rating 

Symbol 

Typo 

Value 




BO 233 

45 

PV 

Collector- Emitter Voltage 

VcEo 

BO 235 

60 




BD 237 

80 




BD 233 

45 


Collector- Base Voltage 

''CBO 

BD 235 
BD 237 

60 

80 

Vdc 

Emitter- Base Voltage 

''ebo 


5 

Vdc 

Collector Current 

'c 


2.0 

Adc 

Base Current 

■b 


1.0 

Adc 

Total Device Dissipation T^»‘25<*C 

•■d 


25 


Operating and Storage Junction 

Tj T^ 


55 to -I-150 

®C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 


Max 


Thermal Resistance, Junction to Case 

®JC 


50 



ELECTRICAL CHARACTERISTICS (T^ = 25“C unless otherwise noted) 


Characteristic 

Symbol 

Type 

Min 

2Jj3 

ESS3 

Collector- Emitter Sustaining Voltage* 

«''CE0 



■ 


(1^ = 01 Adc, lg=0) 

BD 233 

45 


nn 


BD 235 

60 





BO 237 

80 

9 

■ 

Collector Cutoff Current 

'CBO 




mAdc 

(V =45 Vdc, l- = 0) 

BD 233 

— 

0.1 


(V^“ = 60 Vdc, C = 0) 

(V ^3 = 80 Vdc, lg = 0) 


BO 235 

— 

0.1 



BO 237 

— 

0.1 


Emitter Cutoff Current 

'ebo 





(Vgg = 5.0 Vdc, l^, = 0) 


— 



DC current Gain 






(l- = 0.15A. V„»2V) 

**FE1 


m 




"FE2 


□ 

m 


Collector- Emitter Saturation Voltage* 




m 


(1^ = 1 Adc, lg = 0.1 Adc) 


— 



Base- Emitter On Voltage* 






(l^ = 1 Adc, V^g=2.0Vdc) 


— 


m 




m 



BBSSBESEISDSE&aDEEl^l 





m 


* Pulse Test: Pulse Width g 300 »is. Duty Cycle g 2.0%. 


2 AMPERE 
POWER TRANSISTOR 

NPN SILICON 

45, 60, 80 VOLTS 
25 WATTS 
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BD233, BD235, BD237 



13 n 3 100 

Vq(. collector • emitter voltage (VOLTS) 


The Safe Operating Area Curves indicate lc~VCE I'niits below 
which the device will not enter secorKlary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 



FIGURE 3— CURRENT GAIN IB, BASE CURRENT (mA) FIGURE 4— "ON " VOLTAGE 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


BD234 

BD236 

BD238 


PLASTIC MEDIUM POWER 
SILICON PNP TRANSISTOR 

. . . designed for use in 5 to 1 0 Watt audio amplifiers and drivers 
utilizing complementary or quasi complementary circuits. 

• DC Current Gain — hpg = 40 (Min) @ l^=0.15 Adc 

• BD 234, 236, 238 are complementary with BD 233, 235, 237 


2 AMPERE 
POWER TRANSISTOR 

PNP SILICON 


45. 60. 80 VOLTS 
25 WATTS 


MAXIMUM RATINGS 


Rating 

Symbol 

Type 

Value 

Unit 



BO 234 

45 


Collector* Emitter Voltage 

^'CEO 

BO 236 

60 

Vdc 


BO 238 

80 




BD234 

45 


Collector- Base Voltage 

'^CBO 

BD 236 

60 

Vdc 


BO 238 

80 


Emitter- Base Voltage 

^EBO 


5 

Vdc 

Collector Current 

'c 


2.0 

Adc 

Base Current 

'b 


1.0 

Adc 

Total Device Dissipation T^=25®C 

••o 


25 

Watts 

Operating and Storage Junction 



—55 to +150 

<*C 

Temperature Range 





THERMAL CHARACTERISTICS 




Characteristic 

Symbol 


Max 

Unit 

Thermal Resistance. Junction to Case 

"jc 


5.0 

® C/W 


ELECTRICAL CHARACTERISTICS (T^ = 25“C unless otherwise noted', 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Col lector- Emitter Sustaining Voltage* 

(l^ = 0.1 Adc, lg = 0) 

b^ceo’ 

BO 234 
BO 236 
BO 238 

45 

60 

80 


Vdc 

Collector Cutoff Current 
(V_*45 Vdc. 1 =0) 

(VjTg^eO Vdc. lp = 0) 

(V^g = 80 Vdc. lg = 0) 

'CBO 

BD234 
BD 236 
BD 238 

- 

0.1 

0.1 

0.1 

mAdc 

Emitter Cutoff Current 
(Vgg*5.0 Vdc, 1^ = 0) 

‘ebo 


— H 

1.0 

mAdc 

DC current Gain 
(l.*0.15A, V„ = 2V) 

^'FEI 

^FE2 


40 

25 

- 


Collector- Emitter Saturation Voltage* 

(1^ = 1 Adc, lg = 0.1 Adc) 



■ 

on 

Vdc 

Base- Emitter On Voltage* 

(l^, = 1 Adc, V^g = 2.0 Vdc) 




H 

Vdc 

i 

Current-Gain-Bandwidth Product 
(1^ = 250 mAdc, V^^ = 1 0 Vdc. f = 1 .0 M Hz) 

't 



■ 

MHz 


* Pulse Test: Pulse Width ^ 300 »is. Duty Cycle g 2.0%. 
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BD234, BD236, BD238 



The Safe Operating Area Curves indicate lc~VCE l'>nits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the nnaximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 


COLLECTOR- EMITTER VOLTAGE (VOLTS) 




FIGURE 3— CURRENT GAIN 
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Ic. COLLECTOR CURRENT (mA) 


IB, BASE CURRENT (mA) 

1.5 


FIGURE 4 — "ON" VOLTAGE 


1000 2000 

FIGURE 5- 



2.0 3.0 5.0 10 

THERMAL RESPONSE 


20 30 50 100 200 300 500 

Ic, COLLECTOR CURRENT (mA) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general purpose amplifier and switching 
applications. Compact 70-220 AB package. 70-66 leadform also 
available ordered with "66" suffix. 


NPN 

PNP 

BD239 

BD240 

BD239A 

BD240A 



BD239C 

BD240C 


2 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 


46, 60, 80 , 100 VOLTS 
30 WATTS 


MAXIMUM RATINGS 































Ic. COLLECTOR CURRENT (Amps) 


BD239, BD239A, BD239B, BD239C NPN 
BD240, BD240A, BD240B, BD240C PNP 


FIGURE 1 - OC CURRENT GAIN 


FIGURE 2 - TURN-OFF TIME 







MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general purpose amplifier and switching 
applications. 


Collector-Emitter Saturation Voltage — 

VcE = 1-2 Vdc (Max) @ Iq = 3.0 Adc 
Collector-Emitter Sustaining Voltage - 

VCEO (sus) = 45 Vdc (Min.) BD241, BD242 

= 60 Vdc (Min.) BD241 A, BD242A 
= 80 Vdc (Min.) BD241B, BD242B 
= 100 Vdc (Min.) BD241C, BD242C 
High Current Gain - Bandwidth Product 
ff = 3.0 MHz (Min) @ Iq = 500 mAdc 
Compact TO-220 AB Package 

TO-66 Leadform Also Available ordered with "-66" suffix. 


MAXIMUM RATINGS 


Rating 

Symbol 

BD241 

BD242 

BD241A 

BD242A 

BD241B 

BD242B 

BD241C 

BD242C 

Unit 

Collector-Emitter Voltage 

'^CEO 

45 

60 

80 

100 

Vdc 

Collector-Emitter Voltage 

^CES 

55 

70 

90 

115 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

5 0 

Vdc 

Collector Current - Continuous 

Peak 

'c 


Adc 

Adc 

^ J.u • 

5.0 

Base Current 

•b 

— 1.0 

Adc 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 

Pd 

— 40 

0.32 

Watts 

w/°c 

Operating and Storage Junction 
Temperature Range 

I'j'^stg 

-- ■ -65 to +150 ^ 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

3.125 

OC/W 

Thermal Resistance, Junction to Ambient 

^dJA 

62.5 

°C/W 



NPN 

PNP 

BD241 

BD242 

BD241A 

BD242A 

BD241B 

BD242B 

BD241C 

BD242C 


3 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

45, 60, 80. 100 VOLTS 
40 WATTS 






NOTES; 

I. DIMENSIONING AND T0LERANCIN6 PER ANSI 


2. CONTROLLING DIMENSION: INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


DM 

HKUM 

ETBtt 

MCI 

RES 

MN 

MAX 

MM 

MAX 

A 

1448 

15.75 

0.570 

0.820 

B 

9.66 

10.28 

0.380 

0.405 

c 

407 

4.82 

0.180 

0.190 

D 

0.64 

0.88 

0.025 

noi^ 

F 

3.61 

3.73 

0.142 

0.147 

Q 

2.42 

2.86 

0.095 

0.105 


2.80 

3.33 

p.110 

0.155 

j 

0.46 

0.71 

0.018 

0.028 

K 

12.70 

14.27 

0.500 

0.562 

1 

1.15 

1.39 

0.045 

0.0S5 

N 

4-8? 

5.33 

0.190 

0.210 

0 

2.54 

3.04 

0.100 

0.120 

It 

2.04 

2.79 

0.060 

0.110 

3 

1.15 

1.36 

0.045 

0.055 

~T~ 

5.67 

6.47 

0.235 

0.255 

nr 

0.06 

1.27 

0.000 

0.050 

V 

1.15 


0.045 

— 

Z 

— 

-JSL. 

- 

0.080 


STYLE 1: 

PINT BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-04 
TO-220AB 


3 
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BD241, BD241A, BD241B, BD241C NPN 
BD242, BD242A, BD242B, BD242C PNP 


ELECTRICAL CHARACTERISTICS (Tc = 25 °C unless otherwise noted) 


Charaetaristic 


Symbol 

Min. 

Max. 

Unit. 1 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage^ 

BD241. B0242 


45 


Vdc 

(IC- 30mAdc, Ib“0> 

B0241A, B0242A 


60 



BD241B, B0242B 


80 




BD241C, BD242C 


100 



Collector Cutoff Current 


•CEO 



mAdc 

(VcE " 30 Vdc, Ib ” 0) BD241, BD241 A, BD242, B0242A, 



0.3 


(VcE * 60 Vdc, Ib “ 6) BD241 B, BD241 C. BD242B, BD242C 



0.3 


Collector Cutoff Current 


•CES 



HAdc 

(VcE ' 45 Vdc. Veb * 0) 

BD241, BD242 



200 


(VcE • 60 Vdc, Veb - o) 

BD241A, B0242A 



200 


(VcE ' 80 Vdc, Veb * o) 

BD241B, BD242B 



200 


(VcE“ 100 Vdc. Veb' 0) 

BD241C, BD242C 



200 


Emitter Cutoff Current 


Iebo 



mAdc 

(Vbe* 5.0 Vdc, lc“0) 



j 

1.0 


ON CHARACTERISTICS^ 

DC Current Gain 






dC = 1 .0 Adc, VcE = 4.0 Vdc) 



25 



dC * 3.0 Adc, VcE ' 4.0 Vdc) 



10 



Col lector- Emitter Saturation Voltage 


VcE(sat) 



Vdc 

dC*3.0 Adc, Ib' 600 Adc) 




1.2 


Base- Emitter On Voltage 


VBE(on) 



Vdc 

dC * 3.0 Adc, VcE = 4.0 Vdc) 




1.8 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product^ 

dC = 500 mAdc, Vqe = 10 Vdc. ftest = 1 MHz) 

It 

3.0 


MHz 

Small-Signal Current Gain 

dC “ 0.5 Adc. VcE ' 10 Vdc, f = 1 kHz) 

5fe 

20 





^ Pulse Test: Pulse Width < 300 fJs. Duty Cycle < 2.0% 
^ * iNel •^est 


FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 



FIGURE 3 - TURN-ON TIME 
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Ic. COLLECTOR CURRENT (pA) 













MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 



BD244 

BD243A 

BD244A 


BD244B 

BD243C 

BD244C 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general purpose amplifier and switching 
applications. 


• Collector-Emitter Saturation Voltage - 

VcE(sat) ~ ^ (Max) @ Iq = 6.0 Adc 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = — BD243. BD244 

= 60 Vdc (Min) — BD243A. BD244A 
= 80 Vdc (Min) — BD243B. BD244B 
= 100 Vdc (Min) — BD243C. BD244C 

• High Current Gain - Bandwidth Product 

f j 3.0 MHz (Min) @ Iq = 500 mAdc 

• Compact TO-220 AB Package 


"MAXIMUM RATINGS 


Rating 

Symbol 

BD243 

BD244 

BD243A 

BD244A 

BD243B 

BD244B 

BD243C 

BD244C 

Unit 

Collector Emitter Voltage 

^CEO 

45 

60 

80 

100 

Vdc 

Collector-Base Voltage 

'^CB 

45 

60 

80 

100 

Vdc 

Emitter Base Voltage 

^EB 

5.0 

Vdc 

Collector Current Continuous 

Peak 

'c 

i 

6 

10 

Adc 

Base Current 

•b 

— 2.0 

Adc 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 

Pd 

65 

0.52 

Watts 

W/OC 

Operating and Storage Junction 
Temperature Range 

^J'^stg 

-65toM50 

OC 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Bqjc 

1.92 

OC/W 



6 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

45-60-80-100 VOLTS 
65 WATTS 





NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 19S2. 

2. CONTROLUNG DIMENSION: INCH. 

3. DIM Z DERNES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


STYLE 1: 

PIN 1.BASE 

2. COLLECTOR 

3. EMITTER 

A COLLECTOR 


CASE 221A-04 
TO-220AB 


OIL 

TI”' 


MO 

ICS 

■13 


MM 

MAX 

in 

KOI 

■sa 

0.570 

0.?20 

B 

Ka 


0J80 

OAOS 

mm 

■la 

mm 

0.10P 

0.190 

0 

mnM 

■PTa 

0.025 

0.035 


KIl 


0.142 

0.147 

mm 

Ka 

mm 

0.096 

0.105 

H 

mrM 

mm 

0.110 

0.156 

J 

M'Tn 

■la 

0.018 

0.028 

n 


MTtM 

0.500 

0.562 

L 

MU a 

■la 

0.046 

0.055 

n 

iKa 

\mm 

0.190 

0310 

mm 

KZl 

\mm 

0.100 

0.120 

n 

iTa 

imsm 

0.080 

0.110 

n 

'MUM 

\mm 

0.045 

0.066 

T 


\mm 

0336 

0356 

hr 

'KEl 

iTa 

aooo 

0.050 

n 

■na 

- 

0.046 


H 


trm 


0.080 
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BD243, 243A, 243B, 243C, BD244, 244A, 244B, 244C 


ELECTRICAL CHARACTERISTICS {Tq = 25®C unless otherwise noted) 

Characteristic | Symbol \ Min | Max j Unit 


OFF CHARACTERISTICS 


Collactor-Eminer Sustaining Voltage (1) 

|IC = 30mAdc. Ib'O) 

BD243. BD244 
BD243A. BD244A 
B0243B. BD244B 
BD243C. BD244C 

VcEOlsus) 

45 

60 

80 

100 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

(VcE = 30 Vdc, Ib ' 

BD243. BD243A. BD244, BD244A 


- 

0.7 


(VcE *60 Vdc, Ib = 0) 

BD243B. BD243C. BD244B. BD244C 


- 

0.7 


Collector Cutoff Current 


>CES 



M Adc 

(Vet = 45 Vdc. Veg = 0) 

BD243. BD244 


- 

400 


(VcE = 60 Vdc, Vfb = 0) 

BD243A. BD244A 


- 

400 


(Vcc = 80 Vdc. VcB = 0) 

BD243B. BD244B 


- 

400 


(VcE = 100 Vdc, Veb = 0) 

BD243C. BD244C 


- 

400 


Emitter Cutoff Current 


'ebo 

- 

1 .0 

mAdc 

(Vbe = 5 0 Vdc, Ic = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 

IIq = 0.3 Adc, V^E “ ^ 0 Vdc) 

(IC = 3.0 Adc, Vce ^ 4.0 Vdc) 

^FE 

30 

15 



Collector-Emitter Saturation Voltage 
(Ic = 6.0 Adc. Ib = 1 Adc) 

VcEisat) 

- 

1.5 

Vdc 

Base-Emitter On Voltage 

(1^ = 6.0 Adc, Vqe = 4.0 Vdc) 

VBE(on) 

1 

2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain - Bandwidth Product (2) 

(Ic = 500 mAdc, VcE = 10 Vdc, f^est = 1 


3.0 

- 

MMz 

Small-Signal Current Gain 

(Ic = 0.5 Adc. VcE = 10 Vdc, f = 1 kHz) 


20 

— 

- 


(1) Pulse Test: Pulsewidth < 300 MS, Duty Cycle <2.0%. 

(2) fj = hfe • 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 



Rgand Rc VARlEO TO OBTAIN OESiREO CURRENT LEVELS 

D\ MUST BE FAST RECOVERY TYPE eq 
MB05300 USED ABOVE IB 100 mA 
MS06100 USED BELOW IB 100 mA 



IC, COLLECTOR CURRENT (AMP) 
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BD243, 243A, 243B, 243C, BD244, 244A, 244B, 244C 


FIGURE 4 > THERMAL RESPONSE 



FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



5.0 10 20 40 60 80 100 

VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor average )unction temperature and second breakdown 
Safe operating area curves indicate Ic ^CE I'n^'fsof the transistor 
that must be observed for reliable operation, i.e , the transistor 
must not be subjected to greater dissipation than the curves indicate 
The data of Figure 5 is based on Tjjpj^j ^ 150°C; T^ is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pj^) ^ 150®C. Tjjpj^) may be 
calculated from the data in Figure 4 At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 
(See AN-415A). 



0.06 0 1 0 2 0.4 0.6 1 0 2 0 4 0 6.0 


IC. COLLECTOR CURRENT (AMP) 



0.5 1 0 2 0 3.0 5 0 10 20 30 50 

Vr, reverse voltage (VOLTS) 
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Ic COLLECTOR CURRENT |*iA) V, VOLTAGE (VOLTS) hpE. DC CURRENT GAIN 


BD243, 243A, 243B, 243C, BD244, 244A, 244B, 244C 


FIGURE S - DC CURRENT GAIN 
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IC, COLLECTOR CURRENT (AMP) 


FIGURE 9 - COLLECTOR SATURATION REGION 


10 20 30 50 100 200 300 5i 

IB, BASE CURRENT (mA) 


FIGURE 10 - "ON" VOLTAGES 


FIGURE 11 - TEMPERATURE COEFFICIENTS 
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FIGURE 12 - COLLECTOR CUT OFF REGION 


FIGURE 13 - EFFECTS OF BASE EMITTER RESISTANCE 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 
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BD311 NPN, BD312 PNP 


ELECTIRCAL CHARACTERISTICS* (Tq = 25 unless otherwise noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit. 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage' 

(IC“200mAdc, Ib = 0) 

VcEO(sus) 

60 


Vdc 

Collector-Base Cutoff Current 

(VcB = VcbJe ~ 0) 

ICBO 


1.0 

mAdc 

Emitter-Base Cutoff Current 
{VBe“7.0 Vdc, lc“0) 

•ebo 


1.0 

mAdc 


ON CHARACTERISTICS^ 


DC Current Gain 
dc = 5.0 Vdc, VcE = 4.0 Vdc) 

(IC= 10 Adc, Vce* 4.0 Vdc) 

HpE 

25 

5 


— 

Collector-Emitter Saturation Voltage 
(IC=5.0 Adc, lB = 0.5Adc) 

VCE(sat) 


1.0 

Vdc 

Base-Emitter Saturation Voltage 
dC* 5.0 Adc, Ib = 0.5 Adc) 

VBE(sat) 


1.8 

Vdc 

Base-Emitter Ort Voltage 
dc * 5.0 Adc, VcE * 4.0 Vdc) 

VBE(on) 


1.5 

Vdc 


DYNAMIC CHARACTERISTICS' 


Current-Gain - Bandwidth Product^ 




MHz 

dc = 0.5 Adc, VcE = 10 Vdc, ftest “ 1 0 MHz) 


4.0 




SECOND BREAKDOWN 


Second Breakdown Collector Current 

>S/B 



Adc 

(VcE “ 39 Vdc, t = 0.5 sec.) 

2.95 



iVcE = 50 Vdc, t = 0.5 sec.) 


0.60 




' Pulse test: Pulse width < 300 ns, Duty Cycle > 2% 
* fT - Ihfel. ftest 


3 


FIGURE 2 ~ ACTIVE REGION SAFE OPERATING AREA 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — V^E limits of the 
transistor that must be observed for reliable operation, i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

Second breakdown pulse limits are valid for duty cycles to 10%. 

At high i.ase temperatures, thermal limitation may reduce the 
power that can be handled to values less than the limitations 
imposed by second breakdown. 
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CURRENT GAIN 


BD311 NPN, BD312 PNP 


PNP DEVICE 

BD312 


NPN DEVICE 

BD311 


FIGURE 3 - DC CURRENT GAIN 







MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


NPN 

BD315, BD316 

PNP 

BD317, BD318 


COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

... designed for high quality amplifiers operating up to 100 Watts into 
4 ohm load with BD315. BD316 and into 8 ohm load with BD317. 
BD318. 


0 High pc Ciirrent Gain 
0 Excellent Safe Operating Area 

0 High Current Gain — Bandwidth Product — ^ Typical 
fi = 2.0 MHz @ Ic = 1.0 A 


MAXIMUM RATINGS 


Rating 

Symbol 

BD315 

BD316 

BD317 

BD318 

Unit 

Collector-Emitter Volta^ 

VCEO 

80 

100 

Vdc 

Collector-Base Voltage 

VcB 

80 

100 

Vdc 

Emitter-Base Voltage 

Veb 

7.0 


Collector Current ^ Continuous 

•c 

16 

HD59IHI 

Peak 


20 

gum 

Base Current — Continuous 

«B 

5.0 

Adc 

Total Device Dissipation = 25°C 

^D 

200 


Derate above 25°C 


1.14 


Operating and Storage Junction 

Tstg 

-65 to +200 

OC 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.875 

IHI 


16 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 


80-100 VOLTS 
200 WATTS 





STYLE 1: 

PIN 1. BASE 

2. EMITTER NOTE: 

CASE: COLLECTOR 1. DIM "O' IS OlA 


H] 









BBI 

IB 


HQH 

gmB 


flBH 

BiliHil 

HQH 



■leiiiM 

MUmilM 




BEEll 

Bilitfcl 

M 9 



mam 


HQI 





ISI 

QUBl 

imiM 

■iltJ>iie 

giyrjra 

\mm 

MikM 



■ilwia 

BEH 



ifil.ii.'l 

Wif.ti.'W 




bithf 

|||iEi:!ii 



jgfilili 

HilLf 

ifiiiiB 


BBB 


BBH 

ilKit-fiil 


Colleclof connected to case 


CASE 11 (TO-3) 
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BD315, BD316, BD317, BD318 


• ELECTRICAL CHARACTERISTICS (Tc ^ 25 'C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 





Collector-Emitter Sustaining Voltage (1) 


Veto (tut) 



Vdc 

(Ic = 200 mAdc, I. = 0) 

BD315. BD316 


80 




BD317. BD318 


100 

— 


Collector-Base Cutoff Current 


•CBO 



mAdc 

(VcB = Rated Vc, Ij = 0) 


— 

1.0 


Emitter-Base Cutoff Current 


U»o 



mAdc 

(Vb£ = 7.0 Vdc, Ic = 0) 



— 

1.0 


ON CHARACTERISTICS (1) 





DC Current Gain 


hpE 





Ic = 5.0 Adc, VcE = 4.0 Vdc 

BD317, BD318 

25 



Ic = 8.0 Adc. Vc£ = 4.0 Vdc 

BD315. BD316 


25 



Ic = 10 Adc. Vc£ = 4.0 Vdc 

AH Types 


15 



Collector-Emitter Saturation Voltage 


YcE (sot) 



Vdc 

Ic = 8.0 Adc, Ib = 0.8 Adc 




1.0 


Base-Emitter Saturation Voltage 


Yb£ UoI) 



Vdc 

Ic = 8.0 Adc, Ib = 0.8 Adc 



— 

1.8 


Base-Emitter On Voltage 


YbE (on) 



Vdc 

(Ic = 8.0 Adc, Vc£ = 2.0 Vdc) 



— 

1.5 


DYNAMIC CHARACTERISTICS 





Current-Gain — Bandwidth Product (2) 


fT 



MHz 

(Ic - 1.0 Adc. Vc£ = 20 Vdc, f„„ = 0.5 MHz) 



1.0 

— 



(1) Pulse Test: Pulse Width < 300 a<s. Duty Cycle > 2.0*/o. 

(*) 't = 


3 


FIGURE 2 — ACTIVE REGION SAFE OPERATING AREA 



5.0 7.0 10 20 30 50 70 100 

VCE. COLLECTOR EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor; average junction temperature and second break- 
down. Safe operating area curves indicate Ic — Vc£ limits of the 
transistor that must be observed for reliable operation, i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 2 is based on Tj,pk, = 200°C; Tc is 
variable depending on conditions. Second breakdown pulse 
limits are valid for duty cycles to 10®/o provided Tj,p|,) <200; C. 
At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations 
imposed by second breakdown. (See AN-415). 
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V, VOLTAGE (VOLTS) hFg, OC CURRENT GAJN 


BD315, BD316, BD317, BD318 


PNP DEVICES NPN DEVICES 

BD316 and BD318 BD315 and BD317 


FIGURE 3 DC CURRENT GAIN 



0.2 0.3 0 5 0.7 1.0 2.0 3.0 5 0 . 7.0 10 20 

IC. COLLECTOR CURRENT (AMP) 



0.2 0.3 0.5 0.7 1.0 2.0 3 0 5.0 10 

IC. COLLECTOR CURRENT (AMP) 


RGURE 4 — 



“ON” VOLTAGES 



0.2 0.3 0.5 0.7 1 . 0 ' 2.0 3.0 5,0 7.0 10 


IC, COLLECTOR CURRENT (AMP) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BD433, BD435 
BD437, BD439 
BD441 


PLASTIC MEDIUM POWER SILICON 
NPN TRANSISTOR 


. . . for amplifier and switching applications Complementary 
types: BD434/436/438/440/442 


4 AMPERE 

POWER TRANSISTOR 
NPN SILICON 



MAXIMUM RATINGS 


Rating 

Symbol 

Type 

Value 

Unit 

Collector Emitter Voltage 

^CEO 

BD433 

22 

\)dc 



BD435 

32 




BD437 

45 




BD439 

60 




BD441 

80 


Collector Base Voltage 

^CBO 

BD433 

22 

Vdc 



BD435 

32 




BD437 

45 




BD439 

60 




BD441 

80 


Emitter Base Voltage 

vebo 


5 

Vdc 

Collector current 

•c 


4 

Adc 

Base Current 

'b 


1 

Adc 

Total Device Dissipation 

Pd 



Watts 

Tc = 25°C 



36 

mW/oC 

Derate above 25°C 



288 


Operating and Storage 





Junction Tempierature range. 

'j' ’stg 


—55 to +150 

1 

°C 


THERMAL CHARACTERISTICS 



Symbol 

Max. 

Unit 

Thermal Resistance Junction to Case 

0Jc 

3.5 

°C/W 



NOTES: 

1. MT = MAIN TERMINAL. 

2. LEADS, TRUE POSITIONED WITHIN 0.25mm 10.010) 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MHIIM 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.04 

0.425 

0.435 

B 

7.50 

7.74 

0.295 

0.305 

c 

2.42 

2.66 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.93 

3.17 

0.115 

0.125 

G 

2.32 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

j 

0.39 

0.63 

0.015 

0.025 

K 

14.61 

16.63 

0.575 

0.655 

M 

3°- 

FYP 

s-i 

FYP 

Q 

3.76 

4.01 

0,148 

0.158 

R 

1.15 

1.39 

0.045 

0.055 

S 

0.64 

0.88 

0.025 

0.035 

U 

3.69 

3.93 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77*05 
TO-126 
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BD433, BD435, BD437, BD439, BD441 

ELECTRICAL CHARACTERISTICS (Tq - 25 ©c unless otherwise noted) 


Characteristics 

Symbol 

Min. 

Typ. 

Max. 

Unit 


Collector Emitter Breakdown Voltage I 






dC = 100 mA. Ig = 0) 

BD433 

BVceO 

22 



Vdc 


BD435 


32 





BD437 


45 





BD439 


60 





BD441 


80 




Collector Base Breakdown Voltage 
dC = 100 MA, Ib = 0) 

BD433 

BVcbo 

22 



Vdc 


BD435 


32 





8D437 


45 





BD439 


60 





BD441 


80 




Emitter Base Breakdown Voltage 

dg --- iooma, Ic = 0) 

BVgBO 

5 



Vdc 

Collector Cutoff Current 
(VcB --= 22 V, Ig = 0) 

BD433 

|CBO 



0.1 

mAdc 

(VcB = 32 V, Ig = 0) 

BD435 




0.1 


(VcB = 45 V, Ig = 0) 

BD4.37 




0.1 


(VcB = 60 V, Ig = 0) 

BD439 




0.1 


(VcB = 80 V, Ig --= 0) 

BD441 




0.1 


Emitter Cutoff Current 
(VgB = 5 V) 

'EBO 



1 

mAdc 

DC Current Gain 

dc = 10 mA, VcE = 5 V) 

BD433 

HpE 

40 





BD435 


40 





BD437 


30 





BD439 


20 





BD441 


15 




DC Current Gain 

dc = 500 mA, VcE "" 1 V) 

BD433 

^FE 

85 

1 

i 

475 



BD435 


85 


475 



BD437 


85 


375 



BD439 


40 


475 



BD441 


40 


475 


DC Current Gain 







dc = 2 A. VcE = 1 V) 

BD433 

Hpg 

50 





BD435 


50 





BD437 


40 





BD439 


25 





BD441 


15 




Collector Saturation Voltage 
dc 2 A, Ib = 0.2 A) 

BD433 

^CE (sat) 



0.5 

Vdc 


BD435 




0.5 


dc = 3 A, Ib = 0.3 A) 

BD437 







BD439 




0.8 



BD441 



. j 

0.8 


Base — Emitter on voltage 

BD433/435/437 

VbE(ON) 



1.1 

Vdc 

dc = 2 A, VcE = 1 V) 

BP439/441 




1.5 


Current Gain Bandwidth Product 
(VcE = 1 V, Ic = 250 mA, f = 

1 MHz) 

fT 

3 



MHz 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BD434, BD436 
BD438, BD440 
BD442 


PLASTIC MEDIUM POWER SILICON 
PNP TRANSISTOR 


4 AMPERE 

POWER TRANSISTOR 
PNP SILICON 


... for amplifier and switching applications Complementary 
types: BD433/435/437/439/441. 





MAXIMUM RATINGS 


Rating 

Symbol 

Type 

Value 

Unit 

Collector Emitter Voltage 

VCEO 

BD434 

22 

Vdc 



BD436 

32 




BD438 

45 




BD440 

60 




BD442 

80 

■ 

Collector Base Voltage 

VCBO 

BD434 

22 

Vdc 



BD436 

32 




BD438 

45 




BD440 

60 




BD442 

80 



Emitter Base Voltage 

Collector current 

Base Current 

Total Device Dissipation 
Tc = 25°C 
Derate above 25° C 

Operating and Storage 
Junction Temperature range. 






C 


STYLE 1: 

PIN 1, EMITTER 

2. COLLECTOR 

3. BASE 


NOTES; 

1. MT = MAIN TERMINAL. 

2. LEADS, TRUE POSITIONED WITHIN 0.25mni 10.010) 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION. 



THERMAL CHARACTERISTICS 

CASE 77-05 


Symbol 

1 Max. 

Unit 

TO-126 

Thermal Resistance Junction to Case 

0Jc 

3.5 

°C/W 











BD434, BD436, BD438, BD440, BD442 


ELECTRICAL CHARACTERISTICS (Tq - 25 ©C unless otherwise noted) 


Characteristics 

Symbol 

Min. 

Typ. 


Unit 


Collector Emitter Breakdown Voltage 
dc = 100 mA, Ib = 0) BD434 

B0436 

B0438 

B0440 

BD442 


22 

32 

45 

60 

80 



Vdc 

Collector Base Breakdown Voltage 






dc = 100 MA. (0 = 0) 

BD434 

BVcbO 

22 



Vdc 


BD436 


32 





BD438 


45 





BD440 


60 





B0442 


80 




Emitter Base Breakdown Voltage 






(Ie = 100 MA, Ic = 0) 


bvebo 

5 



Vdc 

Collector Cutoff Current 







(VcB = 22 V. Ie = 0) 

BD434 

CBO 



0.1 

mAdc 

(VcB = 32 V. Ie = 0) 

BD436 




0.1 


(VcB = 45 V. Ie = 0) 

BD438 




0.1 


<VcB = 60 V, Ie = 0) 

BD440 




0.1 


(VcB = 80 V, Ie = 0) 

BD442 




0.1 


Emitter Cutoff Current 







(Veb = 5 V) 


•ebo 



1 

nm 

DC Current Gain 







dc = 10 mA, VcE = 5 VI 

BD434 

Hfe 

40 





BD436 


40 





BD438 


30 





BD440 


20 





BD442 


15 




DC Current Gain 







dc = 500 mA, VcE = 1 V) 

BD434 

HfE 



475 



BD436 




475 



BD438 




375 



BD440 




475 



BD442 




475 


DC Current Gain 







dc = 2 A. VcE = 1 V) 

BD434 


50 





BD436 


50 





BD438 


40 





BD440 


25 





BD442 


15 




Collector Saturation Voltage 



IIIIIB 

nnm 

■■ 


dc = 2 A, Ib = 0.2 A) 

BD434 

VcE (sat) 




Vdc 


B0436 






dc = 3 A, Ib = 0.3 A) 

B0438 







BD440 




■^1 



B0442 


iiim 

bhi 

0.8 


Base — Emitter on voltage 

BD434/436/438 

Vbeion) 



1.1 

Vdc 

dc = 2 A, VcE = 1 V) 

BD440/442 




1.5 


1 Current Gain Bandwidth Product 






(VcE = 1 V, Ic = 250 mA, f 

= 1 MHz) 


3 



MHz 
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BD434, BD436, BD438, BD440, BD442 


FIGURE 1 - COLLECTOR SATURATION REGION 


0.05 0.07 0.1 

0.2 

0.3 

0.5 (7.7 1.0 

2.0 3.0 5.0 7.0 10 

IB, BASE CURRENT (mA) 

20 

30 

50 70 100 





FIGURE 2 - CURRENT GAIN 





BS! 


!■■■■■■ 


IC. COLLECTOR CURRENT (Amp) 


FIGURE 3 - "ON" VOLTAGE 



IMlWlig!!!!g^ggg[g 

"iililiiniiiiiM 
IINilllililHI! 




VCE(sat)@IC/lB = 10 


III 




D.005 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 i.O 2.0 3.0 4.0 

IC. COLLECTOR CURRENT (AMP) 


FIGURE 4 > ACTIVE REGION SAFE OPERATING AREA 


Secondary breakdown |- | L I.. 

— - Thermal limit Tc = 25oC ] | 

— Bonding wire limit TTmi — 
Curves apply below rated VcEO 



HR 


1.0 2.0 5.0 10 20 50 

VCE. COLLECTOR-EMITTER VOLTAGE (Volts) 














MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 



BD 505 

BD 507 

BD 509 


NPN SILICON ANNULARE TRANSISTORS 

. . designed for complementary symmetry audio circuits 

» Excellent Current Gain Linearity — 1 .0 mAdc to 1 .0 Adc 

I Low Collector- Emitter Saturation Voltage — 

VcE(sat) = 0 ^ ('Vlax) @ 1^ = 1 ,0 Adc 

i Complements to PNP BD506, BD508, BD510 

» Uniwatt^ Package for Excellent Thermal Properties — 

1.0 Watt@TA-25X 

10.0 Watts @Tq = 25X 


NPN SILICON 
AUDIO TRANSISTORS 

20 - 30 - 40 VOLTS 
10 WATTS 



l\ 

Ml-/ 

Li 

m 

m 

UT m 

^y/o) 


B ^ 


C 

c 

(1) standard package: BD505. 507, 509 

(2) Tab formed for flat mounting BD505- 1 . 507 1 , 

509 1 

Also available with 

leads formed to TO-5 con 

figuration BD505 5, 

507 5, 509-5 


MAXIMUM RATINGS 


Rating 

Symbol 

BD505 

BD507 

B0509 

Unit 

Collector-Emitter Voltage 

^CEO 

20 

30 

40 

Vdc 

Collector Base Voltage 

VCB 

30 

40 

50 

Vdc 

Emitter-Base Voltage 

Veb 

50 

Vdc 

Collector Current Continuous 

'c 

2 0 

Adc 

T otal Device Dissipation @ -- 25°C 

Derate above 25°C 

Pd 

10 

8 0 

Watt 

rnW/OC 

Total Device Dissipation @ Tc 25°C 
Derate above 25°C 

Pd 

10 

80 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

l^jTstg 

-55 to +150 

OC 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

^JC 

12 5 

OC/W 

Thermal Resistance, Junction to Ambient 

<?JA 

125 




70 TYP^*^ 

1 ) 




/ ' 150 Typ 





ir^^TT 

* — T Tf" 


All dimensions in millimeters 
Collector connected 
to tab 


CASE 152 
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BD505, BD507, BD509 


ELECTRICAL CHARACTERISTICS (Tq = 25^0 unless otherwise noted) 


Characteristic 


Symbol 

Min 

JVP 

Max 

Unit 

OFF CHARACTERISTICS 

Collector- Emitter Breakdown Voltage 

BD505 

®'^CEO 

20 

— 

— 

Vdc 

(Iq = 1 0 mAdc, Ig = 0) 

BD507 

30 

— 

— 


BD509 


40 

— 

— 


Emitter -Base Breakdown Voltage 


®^EBO 

5 

— 

— 

Vdc 

(If = 100 /«Adc, Ic = 0) 






Collector Cutoff Current 

BD505 

'CBO 





100 

nAdc 

(VCB = 20, 30, 40Vdc. 1^=0) . 

BD507 

BD509 

- 

- 

100 

100 



ON CHARACTERISTICS 


DC Current Gain (1 ) 

(Iq = 250 mAdc, V^e = 2 Vdc) 

(1^ = 10 Adc, Vqe = 2 Vdc) 

hFE 

60 

40 

160 

90 

— 

— 

Collector- Emitter Saturation Voltage(l) 

(lc= 1.0 Adc, Ig =0.1 Adc) 

VcE(sat) 

- 

0 30 

0.7 

Vdc 

Base- Emitter On Voltage (1 ) 

(Iq = 10 Adc, VcE = 10 Vdc) 

VBE(on) 

“ 

0.91 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(Iq = 50 mAdc, V^e = 5 0 Vdc, f = 100 MHz) 

^T 

50 

250 



MHz 

Output Capacitance 
(VcB = 10 Vdc, 1^ = 0, f = 100 kHz) 

^ob 

“ 

■ 

30 

pF 


(1) Pulse Test Pulse Width ^ 300 (is. Duty Cycle • 2 0% 



>0 20 50 100 200 ■ 500 1000 



10 20 30 . 50 100 200 300 500 1000 


IC COLLECTOR CURRENT (mA) 


IC, COLLECTOR CURRENT (mA) 


FIGURE 3 - DC SAFE OPERATING AREA 
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A 

\ 



^ IJ - lOU 


A 



Bonding Wire Limited 


V 


— - — - — Thermal Limitations Jq = 

25X 


A 

V 

1 i - 1 '] 1 

1 j ! BD507 

1 j 1 BD509 

— 


3 


? 0 3 0 5 0 10 20 30 40 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate Iq limits of the transistor that 

must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 3 is based on Tj^pi^) = 1 SOX; Tq is variable 
depending on conditions At high case temperatures,, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown 


VcE, COLLECTOR EMITTER VOLTAGE (VOLTS) 
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MOTOROLA 

■I SEMICONDUCTOR 

TECHNICAL DATA 


BD506 

BD508 

BD510 


PNP SILICON ANNULARE TRANSISTORS 


PNP SILICON 
AUDIO TRANSISTORS 

20 - 30 - 40 VOLTS 
10 WATTS 


. . . designed for complementary symmetry audio circuits 

• Excellent Current Gain Linearity — 1.0 mAdc to 1 ,0 Adc 

• Low Collector- Emitter Saturation Voltage — 

VcE(sat) (Max) @ 1^ = 10 Adc 

• Complements to NPN BD505, BD507, BD509 

• Uniwatt^ Package for Excellent Thermal Properties — 

1.0 Watt@TA = 25X 

1 0.0 Watts (a Tq = 25 X 


MAXIMUM RATINGS 


Rating 

Symbol 

BDB06 

B0508 

BO510 

Unit 

Collector-Emitter Voltage 

VCEO 

20 

30 

40 

Vdq 

Collector-Base Voltage 

^CB 

30 

40 

50 

Vdc 

Emitter-Base Voltage 

veb 

5.0 

Vdc 

Collector Current Continuous 

'c 

2 0 

Adc 

Total Device Dissipation @ = 25°C 

Derate above 25°C 

Pd i 

1.0 

80 

Watt 

mW/OC 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Po 

10 

80 

j 

Watts 

mW/OC 

Operating and Storage Junction 
Temperature Range 

^J'^stg 
1 

-55 to +150 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

^JC 

12 5 

OC/W 

Thermal Resistance, Junction to Ambient 

^JA 

125 

OC/W 



(1) Standard package: B 0506, 508, 510 

(2) Tab formed for flat mounting BD506-1, 508-1, 
510-1 

Also available with leads formed to TO-5 con- 
figuration: BD506-5, 508-5, 510-5 



V JO ^ l., , i? 

0 46 ^ -j- 2^7 


Alt dimensions in millimeters 
Collector connected 
to tab 

CASE 152 
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BD506, BD508, BD510 


ELECTRICAL CHARACTERtfTICS (Tp = 2SQC unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector- Emitter Breakdown Voltage 

B0506 

®''CEO 

20 

— 

— 

Vdc 

(Iq = 1 OmAdc, l0 =0) 

B0508 

30 

— 

_ 


BD510 


40 

— 

— 


Emitter- Base Breakdown Voltage 


®Vebo 

5.0 

— 

— 

Vdc 

(l^ = 100 /<Adc, Iq =0) 






Collector Cutoff Current 

BD506 

'CBO 





100 

nAdc 

(VcB = 20, 30. 40 Vdc, 1^ = 0) 

BD50*8 

— 

— 

100 


BD510 


— 

— 

100 



ON CHARACTERISTICS 


DC Current Gain (1 ) 

(Ic = 250 mAdc, V^g = 2 0 Vdc) 

(IC = 10 Adc, VcE = 2.0 Vdc) 

^iPE 

60 

40 

135 

90 

- 

— 

Collector- Emitter Saturation Voltage(l) 

(l(> = 1 0 Adc, l0 = 0.1 Adc) 

VcE(sat) 

- 

0.40 

0.7 

Vdc 

Base- Emitter On Voltage (1 ) 

(Iq^I .O Adc, VcE = 1 0 Vde) 

VBE(on) 

— 

0.92 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain -Bandwidth Product 
(1^ = 50 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 


50 

180 

_ 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ig = 0, f = 100 kHz) 

^ob 

— 

— 

30 

PF 


(1) Pulse Test Pulse Width ^ 300 /is. Duty Cycle § 2 0% 



10 20 50 100 200 500 1000 



10 20 30 50 100 200 300 500 1000 


IC. COLLECTOR CURRENT (mA) 


IC, COLLECTOR CURRENT (mA) 


FIGURE 3— DC SAFE OPERATING AREA 
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~ •* " Bonding Wire Limited 

i — — — Thermal Limitations Tq = 
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3.0 5.0 10 20 30 40 
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There are two limitations on the power handling ability of a 
transistor, junction temperature and secondary breakdown. Safe 
operating area curves indicate 'C ^CE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 3 is based on Tj (pk) = 1 50 °C; Tc is variable 
depending on conditions At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


BD515 

BD517 

BD519 


NPN SILICON ANNULAR 
AMPLIFIER TRANSISTORS 


NPN SILICON 
AMPLIFIER TRANSISTORS 

45 - 60 - 80 VOLTS 
10 WATTS 


. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 

• High Collector- Emitter Breakdown Voltage — 

BV = 45 Vdc (Min) @ \q = ^ mAdc — BD515 
60 Vdc (Min)@ Ic =1 mAdc — BD517 
80 Vdc (Min)@ =1 mAdc — BD519 

• High Power Dissipation — Pp = 10 W @Tq = 25°C 

• Complements to BD516, B0518, BD520 



(1) Standard package: BD515, 517, 519 

(2) Tab formed for flat mounting BD51 5-1 , 51 7-1 , 
519-1 

Also available with leads formed to TO-5 con- 
figuration: BD515-5. 517-5, 519-5 


MAXIMUM RATINGS 


Rating 

Symbol 

B0515 

BD517 

BD519 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

60 

80 

Vdc 

Collector-Base Voltage 

VCB 

45 



60 

80 

Vdc 

Emitter-Base Voltage 

veb 

4.0 

Vdc 

Collector Current - Continuous 

•c 

2.0 

Adc 

T otal Device Dissipation @ T/\ = 25°C 
Derate above 25°C 

Pd 

1.0 

8,0 

. 

Watt 

mW/OC 

T otal Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd i 

10 

80 

Watts 

mW/OC 

Operating and Storage Junction 
Temperature Range 

Tj.Ts.g 

-55 to +150 

OC 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction td Case 

^JC 

12 5 

OC/W 

Thermal Resistance, Junction to Ambient 

®JA 

125 

®C/W 





All dimensions in millimeters 
Collector connected 
to tab 


CASE 152 


3 


3-337 





BD515, BD517, BD519 


ELECTRICAL CHARACTERISTICS (Tp = 25QC unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector- Emitter Breakdown Voltage 

B0515 

®VcEO 

45 

_ 



Vdc 

(\q 1 .0 mAdc, Ig = 0) 

BD517 

60 

— 



BD519 


80 


— 


Emitter- Base Breakdown Voltage 


bvebo 

4.0 

_ 


Vdc 

(Ig - 100 //Adc, Ic = 0) 






Collector Cutoff Current 






nAdc 

(VcB =30 Vdc, If = 0) 

BD515 

'CBO 

— 

_ 

100 


(VcB = 40 Vdc, If = 0) 

BD517 

_ 

_ 

100 


(VcB = 60 Vdc, If = 0) 

BD519 


- 

- 

100 



ON CHARACTERISTICS 


DC Current Gain (1 ) 

(Iq - 10 mAdc, Vcf = 2.0 Vdc) 

(Ic =150 mAdc, Vce = 2.0 Vdc) 

(Ic = 500 mAdc, Vce = 2.0 Vdc) 

»^FE 

60 

25 

115 

125 

55 

350 


Collector- Emitter Saturation Voltage (1) 

(Ic = 500 mAdc, Ig = 50 mAdc) 

(Ic = 500 mAdc, l 0 = 25 mAdc) 

^CE(sat) 

- 

0 18 

0 24 

0.5 

Vdc 

Base- Emitter On Voltage (1 ) 

(Ic = 500 mAdc, Vce = 2.0 Vdc) 

VBE(on) 

— 

0 74 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current -Gain -Bandwidth Product 
dc = 200 mAdc, Vce = 5 0 Vdc. f = 1 00 MHz) 

^T 

50 

160 


MHz 

Output Capacitance 
(Vqb = 10 Vdc, If = 0, f = 100 kHz) 

*^ob 

— 

6 0 

12 

pF 


(1) Pulse Test Pulse Width < 300 //s. Duty Cycle < 2 0% 


3 


FIGURE 1 —TYPICAL DC CURRENT GAIN 



FIGURE 2 — "SATURATION" AND "ON" VOLTAGES 



FIGURE 3— DC SAFE OPERATING AREA 



FIGURE 4- CURRENT-GAIN — BANDWIDTH PRODUCT 



There are two limitations on the power handling ability of a 
transistor junction temperature and secondary breakdown Safe 
operating area curves indieate Iq— limits of the transistor that 
must be observed for reliable operation, i e , the transistor must 
not be subjected to greater dissipation than the curves indicate 


The data of Figure 3 is based on Tj - 1 50 °C; Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


BD516 

BD518 

BD520 


PNP SILICON ANNULAR 
AMPLIFIER TRANSISTORS 


. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 

• High Collector- Emitter Breakdown Voltage — 

BV ^ = 45 Vdc (Min) @ = 1 mAdc — BD516 

60 Vdc (Min) @ 1^ = 1 mAdc — BD518 

80 Vdc (Min) @ 1^ = 1 mAdc — BD520 

• High Power Dissipation — Pp = 10 W @ Tq = 25°C 

• Complements to BD515, BD517, BD519 


MAXIMUM RATINGS 


Rating 

Symbol 

B0516 

OD 

O 

(A 

00 

B0520 

Unit 

Collector Emitter Voltage 

VCEO 

45 

60 

80 

Vdc 

Collector Base Voltage 

VCB 

45 

60 

80 

Vdc 

Emitter Base Voltage 

^EB 

4 0 

Vdc 

Collector Current - Continuous 

•c 



2 0 

Adc 

Total Device Dissipation @ = 25®C 

Derate above 25°C 

Pd 

1.0 

80 

Watt 

mW/OC 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Pd 

10 

80 

1 Watts 
mW/®C 

Operating and Storage Junction 
Temperature Range 

pTj.Tstg 

-55 to +150 

OC - 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

^JC 

12 5 

OC/W 

Thermal Resistance, Junction to Ambient 

<?JA 

125 

OC/W 


PNP SILICON ANNULAR * 
AMPLIFIER TRANSISTORS 

45 -60 -80 VOLTS 
10 WATTS 



(1) Standard package: B0516. 518. 520 

(2) Tab formed for flat mountir'g BD51 6-1, 518-1, 
520 1 

Also available with leads formed to TO-5 con- 
figuration 8 051 6 5. 518-5, 520-5 



11 

95 


TYP \ 


> 

15“ TYP 

/ 

V 



All dimensions in millimeters 
Collector connected 
to tab 

CASE 152 
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BD516, BD518, BD520 


ELECTRICAL CHARACTERISTICS (Tq = 25QC unless otherwise noted) 


Characteristic 


Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector- Emitter Breakdown Voltage 

BD516 

bvceo 

45 

— 

— 

Vdc 

(Iq = 1 .0 mAdc, 10 = 0) 

BD518 

60 

— 

— 


BD520 


80 

— 



Emitter- Base Breakdown Voltage 


BVeBO 

4.0 

— 


Vdc 

(Ig =100 /<Adc, Ic = 0) 






Collector Cutoff Current 






nAdc 

(VcB = 30Vdc, If = 0) 

BD516 

•CBO 

— 

— 

100 


(VcB = 40Vdc, Ig = 0) 

BD518 

— 

— 

100 


(VcB ~ 60 Vdc, If = 0) 

BD520 


— 

— 

100 



ON CHARACTERISTICS 


DC Current Gain (1 ) 

(1^ = 10 mAdc. VcE = 2 0Vdc) 
(IC -150 mAdc, = 2 0 Vdc) 

dc = 500 mAdc, = 2.0 Vdc) 













MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


NPN SILICON ANNULAR4 
AMPLIFIER TRANSISTORS 

. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 

• High Collector- Emitter Breakdown Voltage — 

BV^P = 60 Vdc (Min) @ = 1 .0 mAdc — BD525 

^ 80 Vdc (Min) @ = 1 0 mAdc — BD527 

100 Vdc (Min) @ Iq = 10 mAdc — BD529 

• High Power Dissipation — Pq = 10 W@ Tq = 25*C 

• Complements to PNP BD526, BD528, BD530 


MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current - Continuous 

Total Device Dissipation @T/y = 25®C 
Derate above 25°C 

Total Device Dissipation @ T^ = 25®C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 

Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 


Symbol BDS2S BDS27 BDS29 Unit 


Symbol 

Max 1 Unit 

fljC 

125 

OC/W 

®JA 

125 

®C/W 



T45 


All dimensions tn millimeters 
Collector connected 
to tab 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


BD526 

BD528 

BD530 


PNP SILICON ANNULAR^ 
AMPLIFIER TRANSISTORS 


PNP SILICON 

AMPLIFIER TRANSISTORS 

60 - 80-100 VOLTS 
10 WATTS 


. . . designed for general -purpose, high-voltage amplifier and driver 
applications. 

• High Collector- Emitter Breakdown Voltage — 

BV = 60 Vdc (Min) @ = 1 0 mAdc — BD526 

80 Vdc (Min) @ Ic = 1 0 mAdc — BD528 
100 Vdc (Min) @ Ic = 1.0 mAdc — BD530 

• High Power Dissipation — Pp = 10 W @ Tp = 25°C 

• Complements to NPN BD525, BD527 BD529 



(1) standard packaga: BD526. 528. 530 

(2) Tab formed for flat mounting B0526-1. 528-1. 
530-1 

Also available with leads formed to TO -5 con- 
figuration BD526 5. 528 5. 530-5 


lAXIMUM RATINGS 


Rating 

Symbol 

BD526 

B0528 

BD530 

Unit 

:ollector Emitter Voltage 

VCEO 

60 

80 

100 

Vdc 

ollector Base Voltage 

VCB 

60 

80 

100 

Vdc 

muter Base Voltage 

^EB 

4 0 

Vdc 

inllector Current Continuous 

■c 

20 

Aclc 

oral Device Dissipation = 25°C 

Derate above 25°C 

Pd 

10 

80 

Watt 

mW/®C 

otal Device Dissipation @Tp = 25°C 
Derate above 25°C 

Pd 

10 

80 

Watts 

mW/OC 

Iperating and Storage Junction 
Temperature Range 

^J'^stg 

-55 IOM50 

®C 


^ERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

hermal Resistance. Junction to Case 

^JC 

12 5 

OC/W 

hermal Resistance. Junction to Ambient 

^JA 

125 

OCAN 



All dimensions in millimeters 
Collector connected 
to tab 


CASE 152 


3 
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BD526, BD528, BD530 


ELECTRICAL CHARACTERISTICS (Tq = 25QC unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector- Emitter Breakdowrr Voltage 

BD526 

®VcEO 

60 

— 

— 

Vdc 

(Iq = 1 0 mAdc, Ib = 0) 

BD528 

80 

— 

— 


B0530 


100 

— 

— 


Emitter- Base Breakdowrt Voltage 


®Vebo 

40 


— 

Vdc 

(Ie = 100 nAdc. Ic = 0) 






Collector Cutoff Current 






nAdc 

(VcB = Vdc, Ig =0) 

BD526 

•CBO 

— 

— 

100 


(VcB = 60Vdc, Ie = 0) 

BD528 

— 

— 

100 


(VcB = 80 Vdc, Ie = 0) 

BD530 


— 

— 

100 



ON CHARACTERISTICS 


DC Current Gain (1 ) 

(Iq = 50 mAdc, Vq^ = 2.0 Vdc) 

(Ic = 250 mAdc, V^e = 2 0 Vdc) 

hFE 

60 

30 

153 

98 

_ 

— 

Collector- Emitter Saturation Voltage(1) 

(Iq = 250 mAdc, Ib = 10 mAdc) 

(Iq = 250 mAdc, Ib = 25 mAdc) 

VcE(sat) 

- 

0.22 

0.15 

0.5 

Vdc 

Base -Emitter On Voltage (1 ) 

(Ic - 250 mAdc, - 5.0 Vdc) 

VBE(on) 

— 

0.78 

1.0 

Vdc 


small-signal characteristics 


Current^Gain -Bandwidth Product 
(Iq = 200 mAdc, - 5 0 Vdc, f = 100 MHz) 

It 

50 

100 


MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f - 100 kHz) 

Cob 

— 

10 

15 

PF 


(1) Pulse Test Pulse Width ^ 300 /is. Duty Cycle g 2 0%. 


FIGURE 1 DC CURRENT GAIN 



5 0 7 Q IQ 20 50 70 100 200 500 

IC, COLLECTOR CURRENT (mA) 


FIGURE 2 — "ON" VOLTAGES 




10 2 0 5 0 . 10 20 50 100 


VCE, COLLECTOR EMITTER VOLTAGE (VOLTS) 


FIGURE 4 CURRENT-GAIN--BANDWIDTH PRODUCT 



There are two limitations on the power handling ability of a 
transistor junction temperature and secondary breakdown. Safe 
operating area curves indicate Iq ” V^^limits of the transistor that 
must be observed for reliable operation; i e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 3 is based on Tj = 1 50 °C; Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general purpose amplifier and switching 
applications. 

• Collector- Emitter Saturation Voltage - 

VcE = 0.8 Vdc (Max) @ Iq = 2.0 Adc 

• Collector-Emitter Sustaining Voltage - 

VCEO (sus) = 45 Vdc (Min) BD533, BD534 
- 60 Vdc (Min) BD535, BD536 
= 80 Vdc (Min) BD537, BD538 

• High Current Gain - Bandwidth Product 

fj = 3.0 MHz (Min) @ Ic = 250 mAdc 

• Compact TO-220 AB Package 

• TO-66 Leadform Also Available ordered with "~66" suffix 




1. DIMENSIONING AND TOLERANONG PER ANSI 
V14.SM,1982. 

2. CONTROLLING DIMENSION; INCH. 

3. DIM Z DERNES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 
ACOLLEaOR 



- I 0.060 I 

CASE 221A-04 
TO-220AB 
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BD533, BD535, BD537 NPN 
BD534, BD536, BD538 PNP 


ELECTRICAL CHARACTERISTICS (Tc ■ 25 ‘C unless otherwise noted) 

Characteriitic | Symbol | Min. | Max. | Unit | 


OFF CHARACTERISTICS 


Coilector-Emitter Sustaining Voltage* 
dc - 0.1 Adc, Ib » 0) 

B0533, BD534 
B0535, BD536 
BD537, BD538 

VCEO(sus) 

45 

60 

80 


Vdc 

Collector Cutoff Current 


ICBO 



mAdc 

(Vcb* 45 Vdc, Ig-O) 

BD533, B0534 



0.1 


(VcB"60Vdc, lE-0) 

BDS35, B0536 



0.1 


(VcB " 80 Vdc, Ie - 0) 

B0537, BD538 



0.1 


Collector Cutoff Current 


•CES 



MAdc 

(VcE - 45 Vdc, Veb - 0) 

B0533, BD534 



100 


(VcE - 60 Vdc, Veb - 0) 

80535, BD536 



100 


(VcE - 80 Vdc, Veb - 0) 

BD537, B0538 



100 


Emitter Cutoff Current 


•ebo 



mAdc 

(VBE*5.0Vdc,lc-0) 




1.0 



ON CHARACTERISTICS^ 











BD533, BD535, BD537 NPN 
BD534, BD536, BD538 PNP 


FIGURE 4 - THERMAL RESPONSE 



Q.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 

IC, COLLECTOR CURRENT (AMP) 


0.5 1.0 2.0 3.0 5.0 

Vr, reverse voltage (VOLTS) 












Ic. COLLECTOR CURRENT OiA) V. VOLTAGE (VOLTS) hpE. DC CURRENT GAIN 












MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


PLASTIC MEDIUM-POWER 
SILICON NPN DARLINGTONS 

. . . for use as output devices in complementary general-purpose amp- 
lifier applications. 

• High DC Current Gain r- 

hPE = 750 (Min) @ Iq * 1.5 and 2.0 Adc 

• Monolithic Construction 

• BD675, 675A, 677, 677A, 679, 679A, 681 are complementary with 
BD676, 676A, 678, 678A, 680, 680A, 682 

• BD 677, 677A, 679, 679A are equivalent to 
MJE 800, 801, 802, 803 


MAXIMUM RATINGS 


Rating 

Symbol 

BD675 

BD675A 

BD677 

BD677A 

BD679 

BD679A 

BD681 

Unit 

Col lector- Emitter Voltage 

VCEO 

45 

60 

80 

100 

Vdc 

Collector-Base Voltage 

VcB 

45 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current 

•c 

4.0 

Adc 

Base Current 

<B 

0.1 

Adc 

Total Device Dissipation 
@ Tc = 25 °C 

Derate above 25 °C 

Pd 

40 

0.32 

Watts 

W/®C 

Operating and Storage Junction 
Temperating Range 

7’j. Tjtg 

-55 to -H50 

H 


THERMAL CHARACTERISTICS 


[|iiiiiiiiiiiiiiQjj2iiQ2|Qim 
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BD675, 675A, BD677, 677A, BD679, 679A, BD681 


ELECTRICAL CHARACTERISTICS (T(j = 250C unless otherwise noted) 

j Charactfirtic } Symbol j Mtn \ Max- | Unit | 


OFF CHARAGTERtSTtCS 


Collector-Emitter Breakdown Voltaged) BD675, 675A 

(IC=S0mAd...B-0l sms 

BD681 

BVcEO 

45 

60 

80 

100 


Vdc 

Collector Cutoff Current 

'CEO 




(VcE • Half Rated V^eo. ‘b " 0* 


- 



Collector Cutoff Current 

'CBO 




(VCB = Rated BVceq- >6 “ 0* 


- 



(VcB = Rated BVcEO- ‘E = 0. Tc = 100®C) 


- 



Emitter Cutoff Current 

'EBO 

- 

2.0 

mAdc 

(Vbe = 5.0 Vdc, Iq = 0) 






ON characteristics 


DC Current Gain! 1) 

dC = 1 .5 Adc, VcE = 3.0 Vdc) 

(IC-2 0Adc, Vce = 3.0 Vdc) 

BD675. 677, 679, 681 

BO 675A, 677 A, 679A 

^FE 

750 

750 

- 


Collector-Emitter Saturation Voltage! 1 ) 

(IC = 1.5Adc. lB = 30mAdc) 

BD 677, 679, 681 

VcE($at) 


2.5 

Vdc 

do = 2.0 Adc, Ib =40 mAdc) 

BD 675A, 677A, 679A 


- 

2.8 


Base-E mitter On Voltage! 1 ) 
dC = 1.5Adc,VcE = 3.0Vdc) 

!IC = 2.0Adc, VcE =30 Vdc) 

BD 677, 679, 681 

BD 675A, 677A, 679A 

VBE(on) 

- 

2.5 

2 5 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

hfe 

1.0 

- 

- 

dC = 1 .5 Adc, VcE = 3.0 Vdc, f = 1 .0 MHz) 






I '•)pulse Test: Pulse Width ^ 300 m. Duty Cycle ^ 2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 



I 1 1 I 1 I I I . I I IL L 1 iim 

1.0 2.0 5.0 10 20 50 100 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and secondary breakdown. 
Safe operating area curves indicate Ic“Vce limits of the transistor 
that must be observed for reliable operation; e.g., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

At high case temperatures, thermal limitations will reduc^ the 
power that can be handled to values less than the limitations im- 
posed by secondary breakdown. (See AN-4 15) 


VCE. COLLECTOR EMITTER VOLTAGE (VOLTS) 

FIGURE 3 DARLINGTON CIRCUIT SCHEMATIC 


NPN COLLECTOR 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


PLASTIC MEDIUM-POWER 
SILICON PNP DARLINGTONS 

... for use as output devices in complementary general-purpose amp- 
lifier applications. 

• High DC Current Gain - 

hpE = 750 (Min) @ = 1.5 and 2.0 Adc 

• Monolithjic Construction 

• BD676, 676A, 678, Q78A, 680, 680A, 682 are complementary with 
BD675, 675A, 677, 677A, 679, 679A, 681 

• BD 678, 678A, 680, 680A are equivalent to 
MJE 700, 701, 702, 703 


MAXIMUM RATING 


Rating 

Symbol 

B0676 

B0676A 

BD678 

BD678A 

BD680 

BD680A 

BD682 

Unit 

Col lector- Emitter Voltage 

VCEO 

45 

60 

80 

100 

Vdc 

Collector-Base Voltage 

VCB 

45 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

veb 

5.0 

Vdc 

Collector Current 

•c 

4.0 

Adc 

Base Current 

•b 

0.1 

Adc 

Total Device Dissipation 
@ Tc = 25 °C 

Derate above 25 °C 

pd 

40 

0.32 

Watts 

W/^C 

Operating and Storage Junction 
Temperating Range 

Tj, Tstg 

-55to-H50 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max. 

Unit 

Thermal Resistance, 

Junction to Case 

^JC 

3.13 

°C/W 



BD676, BD676A 
BD678, BD678A 
BD680, BD680A 
BD682 


4.0 AMPERE 
DARLINGTON 
POWER TRANSISTORS 
PNP SILICON 


45, 60, 80, 100 VOLTS 
40 WATTS 











BD676, 676A, BD678, 678A, BD680, 680A, BD682 


ELECTRICAL CHARACTERISTICS (Tc - 25°C unless otherwise noted) 





















MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 



PLASTIC DARLINGTON COMPLEMENTARY 
SILICON ANNULARO POWER TRANSISTORS 

. . . designed for general purpose amplifier and high-speed 
switching applications such as hammer drivers for desk calculators. 

• High DC Current Gain 

hpE = 1400 (Typ) @ Ic = 2.0 Adc 

• Col lector- Emitter Sustaining Voltage - @ 10 mAdc 
VcEO (sus) = 45 Vdc (Min) - BD775, 776 

= 60 Vdc (Min) - BD777, 778 
= 80 Vdc (Min) - BD779, 780 

• Reverse Voltage Protection Diode 

• Monolithic Construction with Built-in Base-Emitter 
output Resistor 

• Thermopad 1 1^ Construction with Hard Solder for 

High Reliability. 


MAXIMUM RATINGS 


Rating 

Symbol 

B0775 

BD776 

BD777 

B0778 

BD779 

BD780 

Unit 

Collector-Emitter Voltage 

VcEO 

45 

60 

80 

Vdc 

Collector-Base Voltage 

VCB 

45 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — 
Continuous Peak 

•c 

4.0 

6.0 

Adc 

Base Current 

•b 

100 

mAdc 

Total Device Dissipation 

Tc “ 25°C - Derate above 
25°C 

Pd 

15 

0.12 

Watts 

W/°C 

: ^ j 

Operating and Storage 
junction Temperature 

Range 

TJ- Tstg 

- 65 to -f- 150 

°C 


THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max. 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

8.34 

oc/w 

Thermal Resistance, junction to Ambient 

R0JA 

83.3 

®c/w 



NPN 

PNP 

BD775 

BD776 

BD777 


BD779 



DARLINGTON 

AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 
45, 60, 80 VOLTS 
15 WATTS 




STYLE 1: 

PIN 1. EMITTER 
2. COLLECTOR 


NOTES; 

1. VT = MAIN TERMINAL. 

2. LEADS, TRUE POSITIONED WITHIN 0.25mm (0.010) 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION. 


D«( 

MIIIM 

ETERS 

IND 

RES 

MM 

MAX 

MIN 

MAX 

A 

10.80 

11.04 

0.425 

0.435 

B 

7.50 

7.74 

0,296 

0.306 

c 

2.42 

2.66 

0.095 

0.106 


0.61 

0.66 

0.020 

0.026 

r 

2.93 

3.17 

0.115 

0.126 

6 

2.32 

2.46 

0.091 

0.097 


1.27 

2.41 

0.050 

0.095 

J 

0.39 

0.63 

0.015 

0.025 

K 

14.61 

16.63 

0.575 

0.655 

M 

3°' 

FYP 

3°- 

TYP 

_Q_ 

3.76 

4.01 

0.148 

0.158 

R 

1.15 

1.39 

0.045 

0.055 

S 

0.64 

0.98 

0.025 

0.035 

U 

3.69 

3.93 

0.145 

0.155 

V 

1.02 


0.040 

- 


CASE 77-05 
TO-126 


^ Annular Semiconductors Patented by Motorola Inc. 
^ Trademark of Motorola Inc. 
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BD775, BD777, BD779 NPN 
BD776, BD778, BD780 PNP 


ELECTRICAL CHARACTERISTICS (Tc • 25'’C unless otherwise noted) 


CHARACTERISTIC 

SYMBOL 

MIN. 

MAX. 

UNIT 


OFF CHARACTERISTICS | 

Collector-Emitter 

Collector-Emitter Sustaining Voltage (1) 

(l 0 = lOmAdc, Ib^O) BD775. BD776 

VcEO 

45 


Vdc 

BD777, BD778 


60 



BD779. BO780 


80 



Collector Cutoff Current 

(VcE = 20 Vdc, Ib = 0) BD775, BD776 

'CEO 


100 

jLlAdc 

( VcE = 30 Vdc, 1 B = 0) BD777. BD778 



100 


(VcE = 40 Vdc, Ib = 0) BD779. BD780 



100 


Collector Cutoff Current ! 

(VcB “ Rated, VcEo ^sus), Ig = 0) 

'CBO 


1.0 

jLlAdc 

IVCB - Rated, VceO 'e = 0. 'C = 100°C) 



100 


Emitter Cutoff Current 
|Vbe = B.OVdc, lc = 0) 

'ebo 


1.0 

/iAdc 

ON CHARACTERISTICS 

DC Current Gain 

dc = 2.0 Adc, VcE = 3.0 Vdc) 

X 

Tl 

m 

750 



Collector-Emitter Saturation Voltage 

(lc= 1.5 Adc, Ib = BmAdc) 

VcE (Sat) 

. .. . 


1.5 

Vdc 

Base Emitter Saturation Voltage 
(Iq = 1.5 Adc, Ib = 6mAdc) 

VbE (Sat) 

, 

2.5 

Vdc 

Base-Emitter On Voltage 
(IC= 1.5Adc, VcE = 3 Vdc) 

VbE (On) 


2.3 

Vdc 

Output Diode Voltage Drop 
(lEC = 2.0Adc) 

< 

m 

o 


2.0 

Vdc 

DYNAMIC CHARACTERISTICS 

Current Gain Bandwidth Product 
dc = 1.0 Adc, VcE “ 2.0 Vdc) 


20 


MHz 


SYMBOL 


TYP. 

UNIT 

Turn-On Time (Iq = 250 mA/VCE =» 2 V) 

^on 

25 

250 

ns 

BD775-777-779 



250 


BD776-778-780 



150 


Turn Off Time (Iq = 250 mA, VcE = 2 V) 

toff 



ns 

BD775-777-779 



600 


BD776-778-780 



400 



FIGURE 2 - ACTIVE REGION SAFE OFCRATINQ AREA 
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: —■■■■— SECOND SNEAKDOWN LIMITED ~ 
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FIGURE 4 - 1 


FIGURE 3 - TYPICAL DC CURRENT GAIN 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


COMPLEMENTARY PLASTIC SILICON ANNULAR^ 
POWER TRANSISTORS 

. . . designed for low power audio amplifier and low current, high- 
speed switching applications. 

• Low Collector-Emitter Sustaining Voltage - 

VcEO (sus) 45 Vdc (Min) - BD785, BD786 
60 Vdc (Min) - BD787, BD788 

• High Current-Gain - Bandwidth Product - 

fj = 50 MHz (Min) @ Iq = 100 mAdc 

• DC Current Gain Specified at 0.2, 1.0, 2.0 and 4.0 Adc 

• Collector-Emitter Saturation Voltage Specified at 0.5, 1.0, 

2.0 and 4.0 Adc 


•MAXIMUM RATINGS 


Ratine 

Symbol 

BD785 

BD786 

BD787 

BD788 

Unit 

Collector-Emitter Voltage 


45 

60 

_ 

Vdc 

Collector -Base Voltage 


60 

80 

Vdc 



6.0 

Vdc 



4.0 




8.0 


Base Current 

Ib 

1.0 

Adc 

Total Power Dissipation @ Tq = 25®C 


15 


Derate Above 25®C 


0.12 

IIQQIII 

Operating and Storage Junction 


-65 to ^-150 


Temperature Range 




■■■ 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance. Junction to Case 

RflJC 

8.34 

®C/W 



NPN 

BD785, B0787 

PNP 

BD786, BD788 


4 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

45, 60VOLTS 
15 WATTS 




NOTES: 

1. MT = MAIN TERMINAL. 

2. LEADS, TRUE POSITIONED WITHIN 0.25nim (0.010) 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MIUJM 


INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

10,80 

11.04 

0.425 

0,435 

B 

7.50 

7.74 

0.295 

0.305 

C 

2.42 

2,66 

0,095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.33 

3.17 

0.115 

0.125 

R 

2.32 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0,050 

0.095 

J 

0.39 

0,63 

0.015 

0,025 

K 

14.61 

16.63 


0,655 

M 

301 

rvp 

30 . 

YP 

0 

3.76 

4.01 

0.148 

0.158 

R 

1.15 

1.39 

0.045 

0.055 

S 

0.64 

0.88 

0.025 

0.035 

U 

3.69 

3.93 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-05 
TO-126 
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B0785, BD787 NPN 
BD786, BD788 PNP 


^ELECTRICAL CHARACTERISTICS {Tq = 25^C unless otherwise noted.) 


1 CharactWistic j 

Symbol 

Min 1 

OFF CHARACTERISTICS 

Collector'Emitter Sustaining Voltage (1) 

VcEO(sus) 


dC - 10 mAdc. Ib = 0) BD785. BD786 


45 

B0787, BD788 


60 


Collector Cutoff Current 
(VcE = 20 Vdc, Ib = 0) 
<VcE'30Vdc;lB»0) 


B0785, B0786 
BD787, BD788 


Collector Cutoff Current 


(VcE = 60 Vdc. VBE(off) 

BD785, BD786 

» 1.5 Vdc) 

(VcE “ 80 Vdc, VBE(off) 

BD787, BD788 

= 1.5 Vdc) 


(VcE = 30 Vdc, VBEIpff) 

« 1.5 Vdc. Tc= 125<^C) 

BD785, BD786 

IVcE = 40 Vdc, VBEIpff) 

= 1.5 Vdc, Tc= 125^C 

BD787, BD788 

Emitter Cutoff Current 


(V^B = 6.0 Vdc, Ic = 0) 


ON CHARACTERISTICS (1) 

DC Current Gain 


dc = 200 mAdc, Vqe = 3.0 Vdc) 
dC = l.-eAdc, VcE = 3.0 Vdc) 
dc = 2.0 Adc, VcE = 3.0 Vdc) 
dc = 4.0 Adc, VcE = 3.0 Vdc) 


Collector-Emitter Saturation Voltage 


(Ic - 500 mAdc, Ib = 50 mAdc) 
(IC= 1.0 Adc, Ib = 100 mAdc) 
dc = 2.0 Adc, Ib = 200 mAdc) 
dc = 4.0 Adc. Ib = 800 mAdc) 


Base-Emitter Saturation Voltage 


{IC = 2.0Adc. Ib= 200 mAdc) 


Base-Emitter on Voltage 


dCj= 2.0 Adc. VcE = 3.0 Vdc) 


DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product 


dc - 100 mAdc, VcE = 10 Vdc, f 

= 10MHz) 

Output Capacitance 


(Vcb= lOVdc. lc = 0) 

BD785, BD787 

f = 0.1 MHz) 

BD786, BD788 

Small-Signal Current Gain 


dc » 200 mAdc, VcE “ 10 Vdc. f 

= 1.0 kHz) 


Indicates JEDEC Registered Data. 

(1) Pulse Test. Pulse Width < 300 ms. Duty Cycle < 2.0% 
FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


tr.tf:£lOns 

DUTY CYCLE = 1.0% v 

Rgand Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 

0i MUST BE FAST RECOVERY TYPE, eg: 
MB0530Q USED ABOVE Ib ^100 mA 
MS06100 USED BELOW Is « 100 mA 

FOR PNP TEST CIRCUIT. REVERSE ALL POLARITIES 


FIGURE 3 - TURN ON TIME 


■■■■■■■ 
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0.2 0-4 0.6 1.0 

IC. COLLECTOR CURRENT (AMP) 

























BD785, BD787 NPN 
BD786, BD788 PNP 


FIGURE 4 - THERMAL RESPONSE 













dv. TEMPERATURE COEFFICIENTS (mV/oC) y VOLTAGE (VOLTS) hpE. DC CURRENT GAIN 


BD785, BD787 NPN 
BD786, BD788 PNP 


NPN 

BD785, BD787 



IC, COLLECTOR CURRENT (AMP) 


PNP 

BD786, BD788 



0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 


IC, COLLECTOR CURRENT (AMP) 


FIGURE 9 - "ON" VOLTAGES 




FIGURE 10 - TEMPERATURE COEFFICIENTS 



0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 

IC. COLLECTOR CURRENT (AMP) 



0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 

IC. COLLECTOR CURRENT (AMP) 


3-358 







MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


NPN 

BD789, BD791 

PNP 

BD790, BD792 


COMPLEMENTARY PLASTIC SILICON ANNULAR^ 
POWER TRANSISTORS 

. . . designed for low power audio amplifier and low-current, high 
speed switching applications. 

• High Collector-Emitter Sustaining Voltage - 

VCEO(sus) * 80 Vdc (Min) - BD789, BD790 
= 100 Vdc (Min) -BD791, BD792 

• High DC Current Gain @ Ic = 200 mAdc 

hpE = 40-250 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) ~ 0-8 Vdc (Max) @ Iq = 500 mAdc 

• High Current Gain — Bandwidth Product - 

fj = 40 MHz (Min) @ Iq = 100 mAdc) 


*MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


BD789 
Symbol BD790 



Total Power Dissipation @ Tq = 25®C 
Derate above 2S^C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Juration to Case 

^ajc 

8.34 

OC/W 


4 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

80, 100 VOLTS 
15 WATTS 








J STYLE 1: 

C P)N1. EMITTER 



NOTES: 

1. MT = MAIN TERMINAL. 

2. LEADS, TRUE POSITIONED WITHIN 0.25mm (0.010) 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION. 


K 14.61 I 16.63 0.575 I 0.6S5 


0.64 0.88 0.025 0.035 

3.69 3.93 0.145 0.155 

1.02 - I 0.040 I 

CASE 77-05 
TO-126 
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BD789, BD791 NPN 
BD790, B0792 PNP 



OFF CHARACTERISTICS 


Collector -Emitter Sustaining Voltage (1) 
dc = 10 mAdc, (0 = 0) 

BD789. BD790 
BD791, BD792 

Collector Cutoff Current 


(Vce = 40 Vdc. Ib = 0) 

BD789, BD790 

(Vce = 50 Vdc, Ib = 0) 

BD791.BD792 


Collector Cutoff Current 

(VcE = 80 Vdc, VBE(off) * 1-5 Vdc) BD789, BD790 

( VcE = 1 00 Vdc. Vbe (off) “1-5 Vdc) BD791 . BD792 

(VcE = 40 Vdc, Vbe (off) = 1 5 Vdc, Tc = 1250C) BD789, BD790 
( VcE = 50 Vdc, Vbe (off )= 1 -5 Vdc. Jq = 1 25°C) BD791 , BD792 
Emitter Cutoff Current 
(Veb = 6.0 Vdc, Ic = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
dC = 200 mAdc, Vqe = 3.0 Vdc) 

(lc= I.OAdc, VcE = 3.0Vdc) 
dC = 2.0 Adc, VcE = 3.0 Vdc) 
dC ='4V0 Adc, VcE = 3.0 Vdc) 

Collector-Emitter Saturation Voltage 
(Iq = 500 mAdc, Ib = 50 mAdc) 
dC= 10 Adc, Ib = 100 mAdc) 

(IC = 2.0Adc. Ib = 200 mAdc) 
dC = 4.0 Adc, Ib = 8 (X) mAdc) 

Base-Emitter Saturation Voltage 
dC = 2.0 Adc. Ib = 200 mAdc) 

Base-Emitter On Voltage 

dc = 200 mAdc, Vqe = 3.0 Vdc) 



DYNAMIC CHARACTERISTICS 
Current-Gain - Bandwidth Product 
dc = lOOnnAdc. Vqe = 10 Vdc. f = 10 MHz) 
Output Capacitance 
(VcB = 10 Vdc. Ic = 0. f = 0.1 MHz 

Small-Signal Current Gain 
dc = 200 mAdc, Vce = 10 Vdc. f = 1 .0 kHz) 


BD789. BD791 
BD790, BD792 


'Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width <300 ms. Duty Cycle <2.0%. 



FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
♦30 V 

ovcc 


FIGURE 3 - TURN ON TIME 


-9.0 V I I 


tr, tf :£10 n$ 
DUTY CYCLE = 1.0% 


RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
0| MUST BE FAST RECOVERY TYPE, eg: 
M8O53Q0 USED ABOVE Ib ^100 mA 
MSD6100 USED BELOW Ib ^100 mA 

FOR PNPTEST Ci.RCUIT, REVERSE ALL POLARITIES 



0.04 0.06 0.1 


0.2 0.4 0.6 1.0 

Ic. COLLECTOR CURRENT (AMP) 























BD789, BD791 NPN 
BD790, BD792 PNP 


FIGURE 4 - THERMAL RESPONSE 




0 (SINGLE PULSE) 


Y rYfl F II ■ 




ROJC = 8 . 34 OCAV Ma 


PULSE TRAIN SHOWN 


, ijlpk) ■ 'C = P(pk)R0JC(t)^ 



0.05 0.1 0 2 


0.5 10 2 0 

t. TIME (ms) 


FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 


THERMALLY LiMiTEDiaTc ^ 250C 


(SINGLE PULSE) 


l■KVial| 

IKIliSSi 


There are two limitations on the power handling ability ot a 
transistor; average junction temperature and second breakdown 
Safe operating area curves indicate i^ Vq^ limits of the transistor 
that must be observed for reliable operation i.e . the transistor 
must not be subjected to greater dissipation than the curves indicate 
The data of Figures is based ori Tj(p^j •= 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) ^ 150°C f^j(pk) be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 
(See AN -41 5A) 


3.0 5.0 7.0 10 20 30 50 70 100 

VCE. collector-emitter voltage (VOLTS) 


FIGURE 6 - TURN OFF TIME 


WS!I 


■■■■■ 


FIGURE 7 - CAPACITANCE 


0.04 0.06 

O.f 

0.2 0.4 0.6 1.0 

2.0 

4.0 

1.0 

2.0 3.0 5.0 7.0 10 20 30 

50 70 100 



IC, COLLECTOR CURRENT (AMP) 




Vr, reverse voltage (VOLTS) 













TEMPERATURE COEFFICIENTS (mV/®C) V. VOLTAGE (VOLTS) hFE. OC CURRENT GAIN 


BD789, BD791 NPN 
BD790, BD792 PNP 


NPN 

BD789, BD791 


PNP 

BD790, BD792 


FIQUR€ 8 - OC CURRENT GAIN 



0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 



0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 


IC, COLLECTOR CURRENT (AMP) 


IC. COLLECTOR CURRENT (AMP) 


FIGURE 9 - "ON” VOLTAGES 




FIGURE 10 - TEMPERATURE COEFFICIENTS 



0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 

IC, COLLECTOR CURRENT (AMP) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BD795 BD799 

BD797 BD801 


PLASTIC HIGH POWER 
SILICON NPN TRANSISTOR 

designed for use up to 30 Watt audio amplifiers utilizing 
complementary or quasi complementary circuits. 

• DC Current Gain— = 40 (Min) @ = 1.0 Adc 

• BD 795, 797, 799, 801 are complementary with BD 796, 798, 

800, 802 

MAXIMUM RATINGS 


Rating 

Symbol 

Tvp. 

Value 

Unit 



BD795 

45 


Collector- Emitter Voltage 

^CEO 

BD797 

BD799 

60 

80 

Vdc 



BD801 

100 




BD795 

45 


Collector- Base Voltage 

'^CBO 

BD797 

BD799 

60 

80 

Vdc 



BD801 

100 


Emitter- Base Voltage 

^EBO 


5 

Vdc 

Collector Current 

'c 


8 

Adc 

Base Current 

'b 


3 

Adc 

Total Device Dissipation T^ = 25°C 

% 


65 

Watts 

Derate avove 25oC 



522 

mW/oc 

Operating and Storage Junction 



—55 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 


Max 

Unit 

Thermal Resistance, Junction to Case 

"jc 


1.92 

« C/W 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector- Emitter Sustaining Voltage* 

(1^=01 Adc, lg = 0) 

{lc'0.05 Adc. 10 = 0) 


BD796 

BD797 

BD799 

B0801 

45 

60 

80 

100 

- 

Vdc 

Collector Cutoff Current 
<Vcb“ 45 Vdc. Ig “01 
(Vqb“ 60Vdc. Ig-O) 

(Vqb’ 80 Vdc. Ig- 01 
|Vq 0 - 100 Vdc. Ig-O) 

'CBO 

_ _ 

BD795 

BD797 

BD799 

B0801 

- 

0.1 

0.1 

0.1 

0.1 

mAdc 

Emitter Cutoff Current 
(Vg^ = 5.0 Vdc, 1^ = 0) 

'ebo 


- 

10 

mAdc 

DC current Gam 

(lc = 1 A,Vce = 2V) 

(1c'.3A, V^j = 2V) 

1 hpj- 

! 

BD 795/797 
BO 799/801 
BD 795/797 
BD 799/801 

40 

30 

25 

15 

- 


Collector- Emitter Saturation Voltage* 

(1^ = 3 Adc, Ig =0.3 Adc) 

^CE(sat) 


- 

10 

Vdc 

Base- Emitter On Voltage* 

(1^ = 3 Adc. V^£ = 2 0 Vdc) 

^BE(on) 


- 

16 

Vdc 

Current-Gain-Bandwidth Product 
(1^ =-0.25Adc, V^^ = 10 Vdc, f = 1 .0 MHz) 

't 


3.0 

- 

MHz 


Pulse Test: Pulse Width ^ 300 ns Duty Cycle g 2.0%. 



3 
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(1), normalized effective transient hPE. NORMALIZED DC CURRENT GAIN Vet- COLLECTOR EMITTER VOLTAGE (VOLTS) 

THERMAL RESISTANCE _ _ _ o ‘C- COLLECTOR CURRENT (AMP) 


BD795, BD797, Bb799;BD801 


FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 



1 5 10 50 100 


Vqj. COLLECTOR -EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Iq-Vce I'm'ts below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fail within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 







MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


PLASTIC HIGH POWER 
SILICON PNP TRANSISTOR 

designed for use up to 30 Watt audio amplifiers utilizing 
complementary or quasi complementary circuits. 

• DC Current Gain— = 40 (Min) @ = 1.0 Adc 

• BD 796, 798, 800, 802 are complementary with BD 795, 797, 

799, 801 

MAXIMUM RATINGS 


Rating 

Symbol 

Type 

Value 

Unit 



BD796 

45 


Collector- Emitter Voltage 

^CEO 

BD798 

B08CX) 

60 

80 

Vdc 



BD802 

100 




BD796 

45 


Collector- Base Voltage 

^CBO 

BD798 

BD800 

60 

80 

Vdc 



BD802 

100 


Emitter- Base Voltage 

^EBO 


I 5 

Vdc 

Collector Current 

'c 


8 

Adc 

Base Current 

'b 


3 

Adc 

Total Device Dissipation T^ = 25°C 

% 


65 

Watts 

Derate avove 25oC 



522 

mW/oC 

Operating and Storage Junction 



— 55 to +150 

oC 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 


Max 

Unit 

Thermal Resistance, Junction to Case 

"JC 


1.92 

° C/W 


iLECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector- Emitter Sustaining Voltage* 

(1^ = 01 Adc, lg = 0) 

11^ = 0.05 Adc, Iq=0) 

«%E0' 

BD796 

BD798 

BD800 

BD802 

45 

60 

80 

100 

- 

Vdc 

Collector Cutoff Current 
<Vcb“ 45Vdc, Ie“0) 

IVcb" 60Vdc. Ie“0) 

(Vcb“ 80Vdc. Ie = 0) 

(Vcg» 100 Vdc, Ig'O) 

'CBO 

BD796 

BD798 

BD800 

B0802 


0.1 

0.1 

0.1 

0.1 

mAdc 

Emitter Cutoff Current 
(Vgp = 5.0 Vdc, 1^ = 0) 

'ebo 


- 

10 

mAdc 

DC current Gam 

0c=1 A, 

('c-=3A. Vce = 2V) 

•'fe' 

BD 796/790 
BD 800/802 
BD 796/788 
BD 800/802 

40 

30 

25 

15 

- 


Collector- Emitter Saturation Voltage* 

(1^ = 3 Adc, Ig = 0 3 Adc) 

V 

CE(sat) 

[... . . 


- 

10 

Vdc 

Base-Emitter On Voltage* 

(1^ = 3 Adc, V^p = 20 Vdc) 

^BE(on) 


- 

1 6 

Vdc 

Current-Gam- Bandwidth' Product 
(1^ =0.25Adc, = 10 Vdc. f = 1 0 MHz) 

't 


3.0 

- 

MHz 


Pulse Test: Pulse Width ^ 300 ps Duly Cycle 5 2.0%. 


8 AMPERE 

POWER TRANSISTOR 

PNP SILICON 

45, 60, 80, 100 VOLTS 

65 WATTS 




zJ 






NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1962. 

2. CONTROLLING DIMENSION; INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-04 
TO-220AB 
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(I), NORMALIZED EFFECTIVE TRANSIENT hPE. NORMALIZED DC CURRENT GAIN Vcf, COLLECTOR EMITTER VOLTAGE (VOLTS) 

THERMAL RESISTANCE . COLLECTOR CURRENT (AMP) 


BD796, BD798, BD800, BD802 


FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 



The Safe Operating Area Curves indicate Ic-^cE Unfits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits nnust fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


BD805 

BD807 

BD809 


PLASTIC HIGH POWER 
SILICON NPN TRANSISTOR 


. . . designed for use in high power audio amplifiers utilizing 
complementary or quasi complementary circuits. 

• DC Current— hpg * 30 (Min) © 1^ * 2.0 Adc 

• BD 805. 807, 809 are complementary with BD 806. 808. 810 


10 AMPERE 
POWER TRANSISTOR 

NPN SILICON 


45. 60. 80 VOLTS 
90 WATTS 


AXIMUM RATINGS 


Rating 

Symbol 

Typo 

Valua 




BD805 

45 

mm 

[Collector- Emitter Voltage 

^'CEO 

BD807 

GO 



BD800 

80 

■■ 



BD806 

55 

PI 

[Collector -Base Voltage 

''CBO 

BD807 

70 



B0d09 

80 

IP 

:mitter-Base Voltage 

''ebo 


5 

Vdc 

i^ollector Current 

'c 


10 0 

Adc 

3ase Current 

'b 


6.0 

Adc 

Total Device Dissipation T^ = 25°C 

Pd 


90 

Watts 

Derate above 25°C 



720 

mW/^C 

Operating and Storage Junction 



— 55 to +150 

®C 

Temperature Range 

i 




lERMAL CHARACTERISTICS 


Characteristic 

Symbol 


Max 

Unit 

' hermal Resistance, Junction to Case 

^JC 


1 39 

® C/W 


ECTRICAL CHARACTERISTICS (Tc = 25X unless otherwise noted) 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

i^ollector Emitter Sustaining Voltage* 

(1^ = 0 2 Adc. lg = 0) 

«''CE0' 

BD805 

B0807 

BD809 

45 

60 

80 

_ 

Vdc 

‘ollector Cutoff Current 
(Vcb* 55 Vdc. Ig-O) 

Vdc. Ie = 0) 

(Vcb" 80 Vdc. Ie“0) 

'CBO 

BD806 

BD807 

BD809 

- 

q q q 

mAdc 

miner Cutoff Current 
(Vg^ = 5 0 Vdc, 1^ = O) 

'ebo 


- 

20 

mAdc 

)C current Gain 
(1 = 2A, V = 2 V) 

(l^ = 4A, V^^=2V) 

i ^E• 


30 

15 

_ 


:ollector- Emitter Saturation Voltage* 

(1^ = 4 Adc. lg = 0 4Adc) 

V 

CE(sat) 



11 

Vdc 

1 

lase-Emitter On Voltage" 

(1^ = 4 Adc 2 0 Vdc) 

^BE(on)* 


- 

16 

Vdc 

Current Gam -Bandwidth Product 
(1^ = 1 0 Adc, - 1 0 Vdc, f = 1 0 MHz) 

't 


15 

- 

MHz 




Y14.SM, 1982. 

2. CONTROLLING DIMENSION; INCH. 

3. DIM Z DERNES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


MM 

MUM 

sms 

MC 

HES 

MM 

MAX 

MM 

MAX 

A 

i4.e 

15.75 

0.570 

0.620 

B 

9.66 

10.28 

0.380 

0.405 

c 

4.07 

4.82 

0.160 

0.190 

D 

0.64 

0.88 

0.025 

0.035 

F 

3.61 

3.73 

lliT 

0.147 

G 

2.42 

2.66 

0.095 

0.106 

H 

2.80 

3.83 

0.110 

0.155 

J 

0.46 

0.71 

0.018 

0.028 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.15 

1.39 

0.045 

0.055 

N 

4.83 

5.33 

0.190 

0.210 

0 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.060 

0.110 

S 

1.15 

1.39 

0.045 

0.055 

T 

557 

6.47 

0535 

0555 

U 

050 

W 

0.000 

0.050 

V 

1.15 


0.045 


Z 

- 

2.04 

— 

0.080 


STYLE 1; 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A>04 
TO’220AB 


ulse Test Pulse Width £ 300 >is Duty Cycle % 20 % 








BD805, BD807, BD809 


FIGURE 1 ~ ACTIVE REGION DC 
SAFE OPERATING AREA 


FIGURE 2 -- POWER-TEMPERATURE 
DERATING CURVE 



FIGURE 3- "ON" VOLTAGES 




001 0.05 0.1 0.5 1.0 5.0 10 

IC, COLLECTOR CURRENT (AMPSI 


FIGURE 5— THERMAL RESPONSE 



I, PULSE WIDTH <m$) 


Notel; 

There are two limitations on the power handling ability of a 
transistor; average juration temperature and second breakdown. 
Safe operating area curves indicate Iq - limits of the transistor 
that must be observed for reliable operation; i e , the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 1 is based on Tj(p(^) = 150®C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p>j) ^150®C. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. (See AN-415) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


PLASTIC HIGH POWER 
SILICON PNP TRANSISTOR 

. designed for use in high power audio amplifiers utilizing 
complementary or quasi complementary circuits. 

• DC Current— hpp = 30 (Min) @ 1^ = 2.0 Adc 

• BD 806, 808, 81 0 are complementary with BD 805, 807, 809 


MAXIMUM RATINGS 


Rating 

Symbol 

Typa 

Value 

Unit 



BD806 

45 


Col lector - Em itter Vo Itage 

''cEO 

BD808 

60 

Vdc 


BD810 

80 




BD806 

55 


Collector* Base Voltage 

'^CBO 

B0808 

70 

Vdc 


BD810 

80 


Eminer-Base Voltage 

'^EBO 1 


5 

Vdc 

Collector Current 

'c 


10:0 

Adc 

Base Current 

'b 


6.0 

Adc 

Total Device Dissipation Tp = 25°C 

Pq 


90 

Watts 

Derate above 25<>C 



720 

mw/^e 

Operating and Storage Junction 


j 

-55 to +150 


Temperature Range 





HERMAL CHARACTERISTICS 


Characteristic 

Symbol 


Max 

1 1 

Thermal Resistance, Junction to Case 

»JC 


1 39 

0 

O 


LECTRICAL CHARACTERISTICS (Jq = 25°C unless Otherwise noted) 


Characteristic 

Symbol 

Type 

Min 

Max 

Unit 

Collector- Emitter Sustaining Voltage* 

(1^-0 2 Adc. lg=0) 

8''cE0' 

B0806 

BD808 

BD810 

45 

60 

80 

- 

Vdc 

Collector Cutoff Current 
(VQg”55Vdc, lg-0) 

<Vcb"70 Vdc,lE-0» 

(Vcq» 80 Vdc. Ig-O) 

*CBO 

— 

BD806 

B0808 

BD810 

- 

bob 

mAdc 

Emitter Cutoff Current 
(Vgg = 5 0 Vdc. = 0) 

'ebo 


- 

20 

mAdc 

DC current Cain 
(1 = 2A, V = 2V) 

<'c “= ''CE ‘ 2 


— 

\ 

1 

30 

15 

- 


Collector -Emitter Saturation Voltage* 

(l^, = 4Acjc, lg = 0.4Adc) 

''cE(sat)* 


- 

1.1 

Vdc 

1 

Base- Emitter On Voltage* 

(1^ = 4 Adc, V^g = 2.0Vdc) 

'^BE(on)’ 

i 

- 

16 

Vdc 

Current -Gain -Bandwidth Product 
(1^ = 1 0 Adc. V^^ = 10 Vdc, f = 1 0 MHz) 


1 

1.5 

- 

MHz 


BD806 

BD808 

BD810 


10 AMPERE 
POWER TRANSISTOR 

PNP SILICON 

45, 60, 80 VOLTS 
90 WATTS 



Pulse Test: Pulse Width ^ 300 jis. Duty Cycle ^ 2.0%. 



LEAD IRREGULARITIES ARE ALLOWED. 


DM 

jmm 

m 

Eras 

MO 

IMS 

MAX 

MM 

MAX 


14.48 

15.75 

0.570 

0.620 

B 

9.66 

10^8 

n,»n 

0.405 

c 

4.07 

m 

Q.16P 

0.190 

D 

0.64 

0.88 

0.025 

0.035 

F 

3.61 

173 

0.142 

0.147 

G 

2.42 

2.66 

0.095 

0.105 

N 

2.80 

3.93 

0.110 

0.155 

J 

0.46 

0.71 

0.018 

0.028 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.15 

1.39 

0.045 

0.0S5 

N 

4^3 

533 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

_JL^ 

2.04 

2.79 

0.080 

0.110 


1.15 

139 

0.045 

0.055 


S97 

R47 

”03^ 

0.255 

_!L. 

0.00 

137 

0.000 

0.050 


1.15 

— 

0.045 


z 


to* 

— 

0.060 


N1.BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-04 
TO-220AB 
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BD806, BD808, BD810 


FIGURI^ 1 ACTIVE REGION DC 
SAFE OPERATING AREA 


FIGURE 2 — POWER-TEMPERATURE 
DERATING CURVE 




Tc. CASE TEMPERATURE (OC) 


FIGURE 3 "ON" VOLTAGES 




0.01 0.05 0.) 0.5 1.0 5.0 10 

IC. COLLECTOR CURRENT (AMPSI 


FIGURE 5 — THERMAL RESPONSE 



t. PULSE WIDTH Imf) 


Note 1 : 

There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq Vqe hmitsof the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 1 is based on Tjipi^) = 150°C; Tq Is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(pJ^) ^150°C. At high case 
temperatures, thermal limitations will r^uce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. (See AN-415) 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


PLASTIC POWER SILICON NPN DARLINGTONS 

... for use as output devices in complementary general-purpose 
amplifier applications. 

• High DC Current Gain — 

hpE = 750 (Min) @ Iq = 3.0 and 4.0 Adc 

• Monolithic Construction 

• BD895, 895A, 897, 897 A, 899, 899A, 901 are complementary 
with BD896, 896A, 898, 898A, 900, 900A, 902. 

• Electrical equivalents to BD695A, 697, 697 A, 699, 699A, 701. 


MAXIMUM RATINGS 


Rating 

Symbol 

BD895 

BD895A 

BD897 

B0897A 

B0899 

BD899A 

— 

BD901 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

60 

80 

100 

Vdc 

Collector-Base Voltage 

VCB 

45 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current 

•c 

8.0 

Adc 

Base Current 

•b 

0.1 

Adc 

Total Device Dissipation 

Pd 


70 


Watts 

@Tc = 25 °C 







Derate above 25 °C 



0.56 


W/°C 

Operating and Storage Junction 

Tj, Tjtg 






Temperature Range 



—55 to -I- 150 


°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

^JC 

1.79 

°C/W 



BD895, BD895A 
BD897, BD897A 
BD899, BD899A 
BD901 


DARLINGTON 
8 AMPERE 
NPN SILICON 
POWER TRANSISTORS 


45-60-80-100 VOLTS 
70 WATTS 



NOTES; 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION; INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


DM 

MHiJM 

CTERS 

INCI 

RES 

MM 

MAX 

MM 

MAX 

A 

14.48 

15.75 

0.570 

0.620 

B 

9.66 

10.28 

0.380 

0.405 

C 

4.07 

4.82 


0.190 

D 

0.64 

0.88 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

G 

2.42 

2.66 

0.095 

0.105 

H 

2.80 

3.93 

0.110 

0.155 

J 

0.46 

0.71 

0.018 

. 0.028. _ 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.15 

1.39 

0.045 

0.055 

N 

4.83 

5.33 

0.190 

0.210 

0 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0.110 

5 

1.15 

1.39 

0.045 

0.055 

T 

5.97 

6.47 

0.235 

0.255 

U 

0.00 

1.27 

0.000 

0.050 

V 

1.15 

_ 

0.045 

— 

Z 

- 

2.04 

— 

0.080 


STYLE 1; 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-04 
TO-220AB 
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BD895, BD895A, BD897, BD897A, BD899, BD899A, BD901 


ELECTRICAL CHARACTERISTICS (Tq = 25 unless otherwise noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage^ BD895, 895A 

BVceo 

45 

_ 

Vdc 

(IC = KWrnAdc, Ib=0) BD897,897A 


60 

- 


B0899.899A 


80 

_ 


BD901 


100 



Collector Cutoff Current 

•CEO 



MAdc 

(VcE = Half Rated VcEO* <B = 0) 


- 

500 


Collector Cutoff Current 

•CBO 



mAdc 

(VcB “ Hated BVceo» *£ ~0) 


- 

0.2 


( VcB = Rated B VcEO* I E = 0, Tq = 1 00 °C) 


- 

2.0 


Emitter Cutoff Current 

■ebo 



mAdc 

(Vbe = 5.0 Vdc, lc = 0) 


- 

2.0 



ON CHARACTERISTICS 


DC Current Gain* 

dc = 3.0 Adc. VcE = 3.0 Vdc) 
dc = 4.0 Adc, VcE = 3.0 Vdc) 

BD895, 897, 899, 901 

BD895A, 897 A, 899 A 

Hfe 

750 

750 

- 

- 

Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

dc = 3.0 Adc, lB = 12mAdc) 

BD895, 897, 899, 901 


- 

2.5 


dc = 4.0 Adc, lB = 16mAdc) 

BD895A, 897 A, 899A 


- 

2.8 


Base-Emitter On Voltage^ 


VBE(on) 



Vdc 

dc = 3.0 Adc, VcE = 3.0 Vdc) 

BD895, 897, 899, 901 


- 

2.5 


( 1 C = 4.0 Adc, VcE = 3.0 Vdc) 

BD895A, 897 A, 899A 


- 

2.5 



DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

hfe 



_ 

dc = 3.0 Adc, VcE = 3.0 Vdc, f = 1 .0 MHz) 

1.0 




^ Pulse Test: Pulse Width < 300 jUs, Duty Cycle < 2.0%. 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate IC“Vqe limits of the transistor that 
must be observed for reliable operation; e.g., the transistor must 


not be subjected to greater dissipation than the curves indicate. 
At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations 
Imposed by secondary breakdown (see AN-415). 



1 3 10 30 100 

VCE COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 3 - DARLINGTON CIRCUIT SCHEMATIC 


BD895, 895A 
BD897, 897A 
BD899, 899A 
BD901 


Base 


o- 


Collector 

9 



6 

Emitter 
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MOTOROLA 

■i SEMICONDUCTOR 

TECHNICAL DATA 


BD896, BD89eA 
BD898, BD898A 
BD900, BD900A 
BD902 


PLASTIC MEDIUM-POWER 
PNP TRANSISTORS 


. . for use as output devices in complementary general-purpose amp- 
lifier applications. 

• High DC Current Gain - 

hpE = 750 (Min) @ Ic = 3.0 and 4,0 Adc 

• Monolithic Construction 

• BD896A, 898, 898A, 900, 900A, 902 are complementary with 
BD895A, 897, 897A, 899, 899A, 901 

• Electrical equivalents to BD696A, 698, 698A, 700, 700A, 702 


VIAXIMUM RATINGS 


Rating 

Symbol 

BDe96 

eD696A' 

BD898 

BD89eA 

Bogoo 

BD90QA 

BD902 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

60 

80 

100 

Vdc 

Collector Base Voltage 

< 

o 

CD 

45 

60 

80 j 

100 

Vdc 

Emitter-Base Voltage 

CD 

LU 

> 

1 

5 0 i 

Vdc 

Collector Current 

'c ! 

8.0 

Adc 

Base Current 

'b 

0 1 

Adc 

Total Device Dissipation @ - 25°C 

Derate above 25°C 

pd 

70 

0 56 

Watts 

W/°C 

Operating and Storage Junction 
Temperating Range 

^J' ^stg 
1 

-55 to ^ 150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

^^JC ' 

1 

1 79 

°C/W 



DARLINGTON 
8 AMPERE 
SILICON 

POWER TRANSISTORS 

45-60-80-100 VOLTS 
70 WATTS 




NOTES; 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1962. 

2. CONTROLLING DIMENSION; INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGUURITIES ARE ALLOWED. 


STYLE 1; 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-04 


DM 

mm 

ETERS 

iNa 

m 

MM 

MAX 

MM 

MAX 

A 

14.48 

15.75 

0.570 

0.620 

B 

9.66 

10.28 

0.380 

0.405 

c 

4,07 

4.82 

0.160 

0.190 

D 

0.64 

0.88 

0.025 

0,035 

F 

3.61 

3.73 

0.142 

0.147 

G 

2.42 

2.66 

0.095 

0,106 

H 

2.80 

3.93 

0.110 

0.155 

J 

0.46 

0.71 

0.018 

0.028 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.15 

1.39 

0.045 

0.055 

N 

4.83 

5.33 

0.190 

0.210 

0 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.060 

0.110 

S 1 

1.16 

1.39 

0.045 

0.055 

T 

5.97 

6.47 

0.235 

0.255 

jy_ 

0.00 

1.27 

0.000 

0.050 

V 

1.15 

_ 

0.046 

— 

z 

- 

2.04 


0.080 


TO-220AB 


3 
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BD896;896A, BD898, 898A/BD900, 900A, BD902 


ELECTRICAL CHARACTERISTICS (Tc - 25^C unless otherwise noted) 

' Chfctfistic 1 Symbol [ Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emittfer Breakdown Voltage^^^ 
dC = 100 mAdc. Ib = 0) 

BD896, 896A 

BD898, 898A 

BO900, 900A 

BD902 

bvceo 

45 

60 

80 

100 

: 

Vdc 

Collector Cutoff Current 


'CEO 




“ Half Rated |0 * 0) 



■ 

500 


Collector Cutoff Current 


'CBO 



mAdc 

(VcB = Rated BVceq. 'E = 0) 



- 

0.2 


{■VcB = Rated BVceQ' 'E = 0. ^C = 100°CI 



- 

2.0 


Emitter Cutoff Current 


'ebo 

- 

20 

mAdc 

(Vbe = 5.0 Vdc. Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain' D 

dc = 3.0 Adc, VcE = 3 0 Vdc) 
dC = 4.0 Adc, VcE = 3.0 Vdc) 

BD896, 898, 900, 902 

B0896A, 898A. 900A 

'’FE 

750 

750 

- 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

dc = 3.0 Adc, Ib “ 12 mAdc) 

BD896, 898, 900, 902 


- 

2.5 


dc 4.0 Adc. 1 b = 16 mAdc) 

B0896A, 898A, 900A 


- 

2.8 


Base-E mitter On Voltage' ^ ' 


^^BEIon) 



Vdc 

dc = 3.0 Adc, VcE = 3.0 Vdc) 

BD896, 898, 900, 902 


- 

2.5 


dc = 4.0 Adc. VcE = 3.0 Vdc) 

B0896A, 898A, 900A 


- 

25 



DYNAMIC CHARACTERISTICS 


Small-Signal Current Gam 

'^fe 

10 

_ 

_ 

dc = 3.0 Adc. VcE = 3 0 Vdc, f = 1.0 MHz) 






< ^>PulMi Test: Pulse Width < 300 ns. Duty Cycle < 2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 



1 3 to 30 100 

Vj.j. COllECTOR- EMITTER VOLTAGE (VOLTS) 


There are two limitations on the pow.er handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate IC“^CE I'rnits of the transistor that 
must be observed for reliable operation; e g., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations 
imposed by secondary breakdown. (See AN-415) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


NPN 

PNP 

BDV65 

BDV64 

BDV65A 

BDV64A 



BDV65C 

BDV64C 


COMPLEMENTARY SILICON PLASTIC 
POWER DARLINGTONS 

... for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain 

HFE = 1000 (min.) @ 5 Adc 

• Monolithic Construction with Built-in 
Base Emitter Shunt Resistors 


DARLINGTONS 
10 AMPERES 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80-100-120 VOLTS 
125 WATTS 


MAXIMUM RATINGS 

Rating 

1 

Symbol 

1 

BDV65 BDV65A BDV 65B BDV 65C 
BDV64 BDV64A BDV 64B BDV 64C 

Collector-Emitter Voltage 

VcEO 

60 80 100 120 

Collector-Base Voltage 

VcB 

60 80 100 120 

Emitter-Base Voltage 

Veb 

5 

Collector Current 

- Continuous 

- Peak 

1 Ic 

1 

1 

10 

20 

Base Current 

1 

Ib 

0.5 

Total Device Dissipation 

Co) Tc - 25"C 

Derate above 25"C 

Pd 

i 

125 

1 

Operating and Storage 

Junction 

Temperature Range 

Tj, 

Tstg 

- 65 to -f 1 50 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Thermal Resistance, Junction to Case 

^JC 















NPN-BDV65A, B, C 
PNP-BDV64A, B, C 


ELECTRICAL CHARACTERISTICS 


Characteristic 


Symbol 

Min. 

Max. 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 


VcEO (sus) 



Vdc 

He = 30 mAdc, Ib = 0) 

BDV65 -BDV64 


60 




BDV6BA-BDV64A 


80 




BDV6BB-BDV64B 


100 




BDV6BC-BDV64C 


120 



Collector Cutoff Current 


'cEO 



mAdc 

(VcE = 30 Vdc, Ib = 0) 

BDV65 -BDV64 



1 


(VcE = 40Vdc,lB = 0) 

BDV6BA-BDV64A 



1 


(VcE = 50Vdc,lB = 0) 

BDV65B-BDV64B 



1 


(VcE = 60 Vdc, Ib ^ 0) 

BDV65C-BDV64C 



1 


Collector Cutoff Current 


•CBO 



mAdc 

(VcB= 60Vdc,lE = 0) 

BDV65 -BDV64 



.4 


(VcB= 80Vdc,lE = 0) 

BDV65A-BDV64A 



.4 


(VcB = 100 Vdc, Ie = 0) 

BDV65B-BDV64B 



.4 


(VcB = 120Vdc, Ie = 0) 

BDV65C-BDV64C 



.4 


Collector Cutoff Current 


IcBO 



mAdc 

(VcB = 30 Vdc, Ie = 0, Tc = 1 BOX) 

BDV65 -BDV64 



2 


(VcB = 40 Vdc, Ie = 0, Tc = 1 BOX) 

BDV6BA-BDV64A 



2 


(VcB = 50 Vdc, Ie = 0, Tc = 1 BOX) 

BDV65B-BDV64B 



2 


(VcB = 60 Vdc, Ie = 0, Tc = 1 BOX) 

BDV6BC-BDV64C 



2 


Emitter Cutoff Current 


Iebo 


5 

mAdc 

(Vbe = B Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain 

dc = B Adc, VcE = 4 Vdc) 

HFE 

1000 



Collector-Emitter Saturation Voltage 
dc = B Adc, Ib = 0.02 Adc) 

VcE (sat) 


2 

Vdc 

Base-Emitter Saturation Voltage 
dc = B Adc, VcE = 4 Vdc) 

Vbe (on) 


2.5 

Vdc 
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Ic. COLLECTOR CURRENT (A) V, VOLTAGE (V) hpE. OC CURRENT GAIN 


BOV65, BDV65A, BDV65B NPN 
BDV64, BDV64A, BOV64B PNP 


NPN 


PNP 


FIGURE 2 - DC CURRENT GAIN 




Ic, COLLECTOR CURRENT lA) 



0.1 1 10 

Ic. COLLECTOR CURRENT (A) 



0.1 1 10 


Ic, COLLECTOR CURRENT (A) 


FIGURE 6 - ACTIVE REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor : average junction temperature and second break 
down. Safe operating area curves indicate IC ^CE limits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa 
tion than the curves indicate. 

The data of figure 6 is based on Tj(pk) 1 SQOC, Tc is variable 
depending on conditions. Second breakdown pulse limits 
are valid for duty cyqleS to lO^/o provided Tj(pk) < ISQOC. 
^J(pk) may be calculated from the data in figure 7. At high 
case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations 
imposed by second breakdown. (See AN 415A) 
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BDV65, BDV65A, BDV65B NPN 
BDV64, BDV64A, BDV64B PNP 


FIGURE 7 - THERMAL RESPONSE 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general purpose and tow speed switching applications. 

• High DC Current Gain - hpg = 2500 (typ.) @ = 5.0 Adc. 

• Collector Emitter Sustaining Voltage @ 30 mAdc: 

VcEO(sus) = 45 Vdc (min.) - BDW39/BDW44 

60 Vdc (min.) - BDW40/BDW45 
80 Vdc (min.) - BDW41/BDW46 
100 Vdc (min.) - BDW42/BDW47 
120 Vdc (min.) BDW43/BDW48 

• Low Collector Emitter Saturation Voltage: 

VcE(sat) ~ 2.0 Vdc (max.) @ 1^ = 5.0 Adc 

3.0 Vdc (max.) @ Iq = 10.0 Adc 

• Monolithic Construction with Built-In Base Emitter Shunt resistors 

• TO-220AB Compact Package 

• TO-66 Lead form also available ordered with "-66" suffix. 


MAXIMUM RATINGS 


Rating 

Symbol 

BDW39 

BDW44 

BDW40 

BDW45 

BDW41 

BDW46 

BDW42 

BDW47 

BDW43 

BDW48 

Unit 

Collector-Emitter Voltage 

VcEO 

45 

60 

80 

100 

120 

Vdc 

Collector-Base Voltage 

VCB 

45 

60 

80 

100 

120 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current - Continuous 

ic 

15 

Adc 

Base Current 

Ib 

0.5 

Adc 

Total Device Dissipation 

Pd 






Watts 

(a Tc - 25 C 




85 




Derate above 25 C 




0.68 



W/'C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 


- 

55 to -r 1 50 


'C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max. 

Unit 

Thermal Resistance, Junction to Case 

R<-)jc 

1.47 

X/W 


FIGURE 1 - POWER TEMPERATURE DERATING CURVE 



?b bO 75 100 125 160 

Tc, CASE TEMPERATURE E C) 


NPN 

PNP 

BDW39 

BDW44 

thru 

thru 

BDW43 

BDW48 


DARLINGTON 
15 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 
45-60-80-100-120 VOLTS 
85 WATTS 




NOTES. 

1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

?. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


OM 

miM 

ETERS 

INO 

HES 

MM 

MAX 

MM 

MAX 

A 

14.48 

15.75 

0.570 

0,620 

B 

9.66 

10.28 

0.380 

0.405 

C 

4.07 

4.82 

0.160 

0.190 

D 

0.64 

0.88 

0.025 

0.035 

F 

3.61 

3.73 

0,142 

0,147 

G 

2.42 

2.66 

0.095 

0.105 

H 

2.80 

3.93 

0.110 

0.155 

J 

0.46 

0,71 

0.018 

0.028 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.15 

1.39 

0.045 

0.055 


4,83 

5.33 

0.190 

0.210 

_ja__ 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0.110 

S 

1.15 

1.39 

0.045 

0.055 

T 1 

5.97 

6.47 

0.235 

0.255 

_jILj 

0.00 

1.27 

0.000 

0.050 

IXJ 

1.15 

— 

0.045 

_ 

in 

— 

2.04 

— 

0.080 


CASE 221A-04 
TO-220AB 
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BDW39, BDW40, BDW41, BDW42, BDW43 NPN 
BDW44, BDW45, BDW46, BDW47, BDW48 PNP 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


I Characteristic 

I Symbol | 

Min. 

I Max. I 

Unit I I 

OFF CHARACTERISTICS 






Collector Emitter Sustaining Voltage ^ 
dc = 30 mAdc, Ib = 0) 

BDW39/BDW44 

BDW40/BDW45 

BDW41/BDW46 

BDW42/BDW47 

BDW43/BDW48 

VcEOIsus) 

45 

60 

80 

100 

120 



Vdc 

Collector Cutoff Current 


•cEO 




mAdc 

(VcE = 22.5Vdc,lB = 0) 

BDW39/BDW44 



2 



(Vce = 30 Vdc,lB = 0) 

BDW40/BDW45 



2 



(Vce = 40 Vdc,lB = 0) 

BDW41/BDW46 



2 



(VcE = 50 Vdc, Ib = 0) 

BDW42/BDW47 



2 



(VcE = 60 Vdc, Ib = 0) 

BDW43/BDW48 



2 



Collector Cutoff Current 


•CBO 




mAdc 

(VcB= 45Vdc,lE = 0) 

BDW39/BDW44 



1 



(Vcb= 60Vdc,lE = 0) 

BDW40/BDW45 



1 



(VcB= 80Vdc,lE = 0) 

BDW41/BDW46 



1 



(VcB = lOOVdc, Ie = 0) 

BDW42/BDW47 



1 



(VcB= 120Vdc, Ie = 0) 

BDW43/BDW48 



1 



Emitter Cutoff Current 


Iebo 




mAdc 

(Vbe = 5.0 Vdc, Ic = 0) 




2 




ON CHARACTERISTICS^ 


DC Current Gain 

dc = 5 Adc, VcE = 4.0 Vdc) 
dc = 10 Adc, VcE = 4.0 Vdc) 
for all except BDW43/48 
for BDW 43/48 

hpE 

1000 

250 


250 


Collector-Emitter Saturation Voltage 

VcE (sat.) 




Vdc 

(lc= 5 Adc, Ib = 10 mAdc) 



2 



dc = 10 Adc, Ib = 50 mAdc) 



3 



Base-Emitter On Voltage 

Vbe (on) 




Vdc 

dc = 10 Adc, VcE = 4 Vdc) 



3 




SECOND BREAKDOWN^ 


Second Breakdown Collector 

Current with Base Forward Biased 


•s/b 



Adc 

BDW39/BDW40/BDW41/BDW42/BDW43 

/ VcE = 28.4 Vdc 

V VcE = 40 Vdc 


3 

1.2 



BDW44/BDW45/BDW46/BDW47/BDW48 

i VcE = 22.5 Vdc 
VcE = 36 Vdc 


3.8 

1.2 




DYNAMIC CHARACTERISTICS 


Magnitude of common emitter small signal short circuit 
current transfer ratio 

dc = 3.0 Adc, VcE = 3.0 Vdc, f = 1.0 MHz) 

fi 

4.0 


MHz 

Output capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 0.1 MHz) 

BDW39/BDW40/BDW41/BDW42/BDW43 

B D W44/B DW45/B D W46/B DW47/B DW48 

Cob 


200 

300 

PF 

Small signal current gain 

Ic = 3.0 Adc, VcE = 3.0 Vdc, f = 1.0 kHz) 

hfe 

300 

1 



Indicates JEDEC Registered Data. 

’ Pulse Test: Pulse Width = 300 jUS, Duty Cycle = 2.0 %. 
^ Pulse Test non repetitive: Pulse Width = 250 ms. 
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BDW39, BDW40, BDW41, BDW42, BDW43 NPN 
BDW44, BDW45, BDW46, BDW47, BDW48 PNP 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 



DUTY CYCLE 1.0% 


FIGURE 3 - SWITCHING TIMES 



FIGURE 4 - THERMAL RESPONSE 



ACTIVE-REGION SAFE OPERATING AREA 

FIGURE 5 - BDW39 THRU BDW43 FIGURE 6 - BDW44 THRU BDW48 



VcE, COLLECTOR EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — limits of the 

transistor that must be observed for reliable operation; i.e., the 
transiscof must not be subjected to greater dissipation than the 
curves indicate. The data of Fig. 5 and 6 is based on Tj(qIj) = 



200 °C; Tq is variable depending on conditions. Second break- 
down pulsejimits are valid for duty cycles to 10% provided 
^J(pk) 200 °C. Tj(pi^) may be calculated from the data in 
Fig. 4. At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the limitations 
imposed by second breakdown. (See an-415). 

* Linear extrapolation 
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VcE.COLLECTOR EMITTER VOLTAGE (VOLTS) hpE. DC CURRENT GAIN ^ hf,. SMALL-SIGNAL CURRENT GAIN 


BDW39, BDW40, BDW41, BDW42, BDW43 NPN 
BDW44, BDW45, BDW46, BDW47, BDW48 PNP 












BDW39, BDW40, BDW41, BDW42, BDW43 NPN 
BDW44, BDW45, BDW46, BDW47, BDW48 PNP 


NPN 

BDW39 

BDW40 

BDW41 

BDW42 

BDW43 

BASE O' 


FIGURE 14- DARLINGTON SCHEMATIC 


COLLECTOR 



6 

EMITTER 
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MOTOROLA 

■I SEMICONDUCTOR 

TECHNICAL DATA 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general purpose and low speed switching 
applications. 

• High DC Current Gain - hpE = 2500 (typ.) at Ic = 4.0 Adc 

• Collector Emitter sustaining Voltage at 100 mAdc 
VcEO(sus) = 45 Vdc (min.) - BDX33, 34 

60 Vdc (min.) - BDX33A, 34A 
80 Vdc (min.) - BDX33B, 34B 
100 Vdc (min.) - BDX33C, 34C 

• Low Collector Emitter Saturation Voltage 

VCE(sat) = 2.5 Vdc (max.) at Ic = 4.0 Adc - BDX33, 33A/34, 34A 

2.5 Vdc (max.) at Iq = 3.0 Adc - BDX33B, 33C/34B, 34C 

• Monolithic Construction with Built-In Base Emitter Shunt 
resistors 

• TO-220AB Compact Package 

• TO-66 Lead form also available ordered with "-66” suffix. 


MAXIMUM RATINGS 




BDX33 

BDX33A 

BDX33B 

BOX33C 


Rating 

Symbol 

BDX34 

BOX34A 

BOX34B 

BDX34C 

Unit 

(Collector-Emitter Voltage 

VCEO 

45 

60 

80 

100 

Vdc 

(Collector-Base Voltage 

VCB 

45 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current - Continuous 

•c 


10 


Adc 

Peak 



15 



Base Current 

'B 

0.25 

Adc 

Total Device Dissipation 

pd 





Watts 

(9)Tc = 25°C 



70 



Derate above 25 ° C 



0.56 


W/°C 

Operating and Storage Junction 

'*’J» Tstg 


-65 to -USO 


°C 

Temperature Range 







THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max. 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.78 

°C/W 



NPN 

PNP 

BDX33 

BDX34 

BDX33A 

BDX34A 

BDX33B 

BDX34B 

BDX33C 

BDX34C 


DARLINGTON 
10 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 
45-60-80-100 VOLTS 
70 Watts 






NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1962 

2. CONTROLLING DIMENSION: INCH. 

2: DIM Z DEHNES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


OM 

miM 

ETBB 

MO 

HES 

m 

MAX 

MM 

MAX 

A 

14.48 

15.75 

0.670 

0.620 

B 

9.66 

10.28 

0.380 

0.405 

C 

4.07 

4.82 

0.160 

0.190 

D 

0.64 

0.88 

0.025 

0.035 


3.61 

3.73 

0.142 

0.147 

_0_j 

2.42 

2.66 

0.095 

0.106 


2.80 

3.93 

0.110 

0.155 


0.46 

0.71 

0.018 

0.028 

K 

12,70 

14.27 

0.500 

0.562 

L 

1.15 

1.39 

0.045 

0.055 

N 

4B3 

5.33 

0.190 

0.210 

_o_ 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.060 

0.110 

S 

1.15 

1.39 

0.045 

0.056 

T 

5.97 

6.47 

0.235 

0.255 

u 

0.00 

1.27 

0.000 

0.050 

V 

1.15 

1 — 

0.045 

— 

z 


L. 2 04. 

- 

0.080 


STYLE 1: 


2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-04 
TO-220AB 
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BDX33, BDX33A, BDX33B, BDX33C NPN 
BDX34, BDX34A, BDX34B, BDX34C PNP 


ELECTRICAL CHARACTERISTICS (Tc = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage^ 

VCEO(sus) 



Vdc 

(IC= lOOmAdc. Ib = 01 BDX33/BDX34 


45 



BDX33A/BDX34A 


60 



BDX33B/BDX34B 


80 



BDX33C/BDX34C 


100 



Collector-Emitter Sustaining Voltage^ 

VcER(sus) 



Vdc 

dC = 100 mAdc, Ib = 0, Rbe = “lOO) BDX33/BDX34 


45 



BDX33A/BDX34A 


60 



BDX33B/BDX34B 


80 



BDX33C/BDX34C 


100 



Collector-Emitter Sustaining Voltage^ 

VCEX(sus) 



Vdc 

(IC= 100 mAdc, Ib = 0, Vbe= 1-5 Vdc) BDX33/BDX34 


45 



BDX33A/BDX34A 


60 



BDX33B/BDX34B 


80 



BDX33C/BDX34C 


100 



Collector Cutoff Current 

•CEO 



mAdc 

(VcE = rated VcEO« ^B = 0) T^ = 25 °C 



0.5 


Tc=100°C 



10 


Collector Cutoff Current 

•CBO 



mAdc 

(VCB = rated VcBO' •£ = 0) T0=25°C 



1 


Tc=100°C 



5 


Emitter Cutoff Current 

•ebo 



mAdc 

(Vbe = 5 0 Vdc, lc = 0) 



10 



ON CHARACTERISTICS 


DC Current Gain* 
dC = 4.0 Adc, Vce = 3.0 Vdc) 
dc = 3.0 Adc, Vce = 3.0 Vdc) 

BDX33, 33 A/34, 34 A 

BDX33B, 33C/34B, 34C 

hpE 

750 

750 


~ 

Collector-Emitter Saturation Voltage 


VcE(sat) 



Vdc 

dc = 4.0Adc, lB = 8mAdc) 

BDX33, 33 A/34, 34 A 



2.5 


dc = 3.0 Adc, Ib = 6 mAdc) 

BDX33B. 33C/34B,34C 



2.5 


Base-Emitter On Voltage 


VBE(on) 



Vdc 

(IC = 4.0 Adc, Vce = 3 V) 

BDX33, 33A/34, 34A 



2.5 


{IC = 3.0 Adc, Vce = 3 Vdc) 

BDX33B, 33C/34B, 34C 

■ 


2.5 


Diode Forward Voltage 


Vp 



Vdc 

dc = 8 Adc) 




4 



SECOND BREAKDOWN^ 


Second Breakdown Collector Current 

With Base Forward Biased 

(Vce = 25 Vdc) BDX33 Series 

(Vce " 20 Vdc) BDX34 Series 

(Vce “ 36 Vdc) BDX33 Series 

(Vce = 33 Vdc) BDX34 Series 

•s/b 

2.8 

3.5 

1.0 

1.0 


Adc 

1 DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain 
(Tc = 1 .0 Adc, Vce = 5.0 Vdc, f « 1 MHz) 

hpE 

n 

1000 


- 

Current Gain-Bandwidth product 
(IC= 1.0- Adc, Vce “ 5.0 Vdc,f * 1.0 MHz) 

fT 

3 


MHz 

Output Capacitance 

BDX33 Series 

(VcB = 10 Vdc, lE - 0, f = 0.1 MHZ) 

Cob 


200 

300 

PF 


^ Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2% 
^ Pulse Test non repetitive: Pulse Width = 0.25 s. 
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BDX33, BDX33A, BDX33B, BDX33C NPN 
BDX34, BDX34A, BDX34B, BDX34C PNP 


FIGURE 2 - THERMAL RESPONSE 



20 50 100 

200 

500 1000 

0 1 

02 

0 5 1 0 2 0 5 0 10 

FREQUENCY (kHj) 





Vr, reverse voltage (VOLTS) 



















MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

. . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain - 

hp£ = 2500 (Typ) @ Ic = 4.0 Adc 

• Collector-Emitter Sustaining Voltage — @ 100 mAdc 

VrFn<cMc\ = 45 Vdc (Min) — BDX53. 54 

' ' = 60 Vdc (Min) -- BDX53A. 54A 

= 80 Vdc (Min) — BDX53B, 54B 
= 100 Vdc (Min) — BDX53C, 54C 

• Low Collector-Emitter Saturation Voltage — 

^CE(sat) ^ 2.0 Vdc (Max) @ Iq = 3.0 Adc 
= 4.0 Vdc (Max) @ Ic = 5.0 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 

• TO-220AB Compact Package 


♦MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current Continuous 
Peak 


Base Current 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


VCEO 


VCB 


^EB 


•c 


' J- ' stg 


BDX53 

BOX54 


BDX53A 

B0X54A 


BDX53B 

BOX54B 


BDX53C 

BDX54C 


100 


60 

0.46 


Adc 


Watts 

W/°C 


THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

2.08 

^C/\N 

Thermal Resistance, Junction to Ambient 

PdJA 

70 

<^c/w 



NPN 

PNP 

BDX53 

BDX54 

BDX53A 

BDX54A 

BDX53B 

BDX54B 

BDX53C 

BDX54C 


DARLINGTON 
8 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80-100 VOLTS 
65 WATTS 




LEAD IRREGULARITIES ARE ALLOWED. 





MCI 


DM 

MN 

MAX 

MM 

MAX 

A 

14.48 

15.75 

0.570 

0.620 


9.66 

10i6 

0.380 

0.405 

C 

4.07 

4J2 

0.160 

0.190 

D 

0.64 

0.86 

0.025 

0.035 

f 

3.61 

3.73 

0.142 

0.147 

6 

2.42 

2.66 

0.095 

0.105 

H 

2i0 

3.93 

0.110 

0.155 

J 

0.46 

0.71 

0.018 

0.0?8 

K 

12.70 

14.27 

0.500 

0.562 

1 

1.1$ 

1.39 

0.045 

0.055 

N 

4J3 

5J3 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

n 

2.04 

2.79 

0.060 

0.110 

_L_ 

1.15 

1J9 

0.046 

0.055 

T 

?J7 

6.47 

0.2?5 

0.256 

V 

P-99 

W 

O- 99 O 

0.050 

V 

1.1? 


0.045 




2.04 


0.060 


2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-04 
TO-220AB 
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BDX53, 53A, 53B, 53C NPN 
BDX54, 54A, 54B, 54C PNP 


ELECTRICAL CHARACTERISTICS = 25°C unless otherwise noted) 

Characteristic | Symbol | Min \ Max j Unit 


OFF CHARACTERISTICS 


Collector-Enriitter Sustaining Voltage (1) 
dC = 100 mAdc, Ib = 0) 

BDX53. BDXM 

BDX53A. BDXMA 

BDX53B. BDXMB 

BDX53C. BDX54C 

''CEO(sus) 

45 

60 

80 

100 

- 

VdC 

Collector Cutoff Current 


•CEO 


0.5 

mAdc 

(VCE = 22 VdC, IB = 0) 

BOX53. BDXM 



0 5 


(VCE = 30 VdC, IB = 0) 

BOX53A. BDXMA 





(VCE = 40 VdC. IB = 0) 

BDX53B. BDXMB 



0.5 


(VCE = SO VdC, IB = 0) 

BDX53C, BDXMC 


- 

0.5 


Collector Cutoff Current 


•CBO 


0.2 

mAdc 

(VCB = 45 VdC. IE = 0) 

BDX53. BDXM 



0.2 


(VCB = 60 VdC. IE = 0) 

BDX53A. BDXMA 





(VCB = 80 VdC. IE = 0) 

BDX53B. BDXMB 


__ 

0.2 


(VCB = 100 VdC. IE = 0) 

BDX53C, BDXMC 


- 

0.2 


Emitter Cutoff Current 

I 

•ebo 

- 

2.0 

mAdc 

(Vbe = 5.0 VdC, Ic = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 

^^FE 

750 


- 

dc = 3.0 Adc, VcB = 3.0 Vdc) 



- 


Collector-Emitter Saturation Voltage 
(Ic = 3.0 Adc, U = 12 mAdc) 

VcE(sat) 

_ 

2.0 

Vdc 



- 

4.0 


Base-Emitter Saturation Voltage 
(Ic = 3.0 Adc. Ic = 12 mA) 

V*E uol) 


2.5 

Vdc 


Small-Signal Current Gain 

|hfg 1 




(Ic 3.0 Adc, VcE = ^ 0 Vdc, f - 1 .0 MHz) 


4.0 

- 

- 

Output Capacitance 




PF 

<VcB “ “lO Vdc, Ie 0, f - 0,1 MHz) BDX53. 53A, 53B, 53C 


- 

300 



BDX54. 54A. MB. MC 


:![ 











Ic- COLLECTOR CURRENT (AMP) r{l). EFFECTIVE TRANSIENT 

hfe, SMALL SIGNAL CURRENT GAIN ^ o o THERMAL RESISTANCE (NORMALIZED) 


BDX53, 53A, 53B, 53C NPN 
BDX54, 54A, 54B, 54C PNP 


FIGURE 4 - THERMAL RESPONSE 
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FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 
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THERMALLY LIMITED @ Tc = ZS^C 


(SINGLE PULSE) 


SECOND BREAKDOWN LIMITED 


CURVES APPLY BELOW RATED VCEO 






2 0 3 0 5 0 7.0 10 


20 30 50 70 100 


VcE, COLLECTOR EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor average junction temperature and second breakdown 
Safe operating area curves indicate !(; - hniits of the tran 

sistor that must be observed for reliable operation, i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate 

The data of Figure 5 is based on Tj(pj^) - 150°C; T(; i$ variable 
depending on conditions Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tjjpj^y < 150°C Tjjpj^) may be 
calculated from the data m Figure 4 At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 
(see'AN415A). 


FIGURE 6 - SMALL SIGNAL CURRENT GAIN 
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FIGURE 7 - CAPACITANCE 
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V. VOLTAGE (VOLTS) VcE, COLLECTOR EMITTER VOLTAGE (VOLTS) hfE. DC CURRENT GAIN 


BDX53, 53A, 53B, 53C NPN 
BDX54, 54A, 54B, 54C PNP 


NPN 

BDX53. BOX53A. BDX53B. BDXS3C 


PNP 

BDX54. BOX64A. BDX54B. BOX54C 


FIGURE 8 - DC CURRENT GAIN 
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IC, COLLECTOR CURRENT (AMP) 





IC. COLLECTOR CURRENT (AMP) 








BDX53, 53A, 53B, 53C NPN 
BDX54, 54A, 54B. 54C PNP 



Vbe, base emitter voltage (VOLTS) 


Vbe, base emitter voltage (VOLTS) 


FIGURE 13 - DARLINGTON SCHEMATIC 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BU204 

BU205 


Slioot 


HORIZONTAL DEFLECTION TRANSISTOR 


. . . specifically designed for use in large screen color deflection 
circuits. 


• Collector-Emitter Voltage - Vq^x ~ ^^00 Vdc - BU204 

1500Vdc-BU205 

• Glassivated Base-Collector Junction 

• Switching Times with Inductive Loads — 

tf = 0.65 /is (Typ) @ Iq = 2A 



MAXIMUM RATINGS 


Rating 

Symbol 

Collector-Emitter Voltage 

VcEO(sus) 

Collector-Emitter Voltage 

VCEX 

Emitter Base Voltage 

OQ 

lU 

> 

Collector Current — Continuous 

'C 

-Peak (1) 

•cm 

Base Current - Peak (1 ) 

•bm 

Total Power Oissi|»ation @ Tq * 25®C 
@ Tc “ 90®C 

Derate above 25°C 

Pd 

Operating and Storage Junction 

Temperature Range 

^J» ^stg 





THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Symbol 


R0JC 


(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%, 



2.5 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

1300 AND 1500 VOLTS 
36 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers ' Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 




. PIN 1. BASE 

2. EMITTER 
CASE COLLECTOR 


1. DIMENSIONS Q AND V ARE DATUMS. 

2. Gl) is seating plane and datum. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE 0: 

I » I >.13(0.005)© I T |V(^ 

FOR LEADS: 

[ f I ».13 (0.005) ©T [v® I Q0 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 

I MILLIMETERS I INCHES 
DIM MIN MAX ~MIN MAX 
A - 39.37 - 1.5S0 

B - 21,08 - 0,830 

C 6.3S 7.62 0.250 0,300 

P 0.97 1.09 0.038 0,043 

E 1.40 1 1.78 0.055 0.070 


C 6.3S TST 0.250 

P 0.97 ToT 0.038 

E 1,40 1 1.78 0.055 

F 30.15 BSC 1,18 

G 10.92 BSC 0,43 

H 5.46 BSC 0.21 

J 16,89 BSC 0,66 

K n.18|l2l9~ 0,440 
Q 3.81 4.19 0.150 

R - 26.67 - 

U 4.83 5.33 0.190 

V 3.81 4.19 0.150 
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BU204, BU205 


ELECTRICAL CHARACTERISTICS (Tq = 25® unless otherwise noted.) 

[ Charecteriitic j Symbol j Min | Typ ( Max | Unit \ 

OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 
(IC-100mAdc, Ib*0) 

BU204 

BU205 

VcEOfeus) 

600 

700 

_ 

_ 


Collector Cutoff Current 


'CES 


■■mil 



(VcE * 1300 Vdc. Vbe * 0) 

BU204 


- 


ID 


(VcE“ 1500Vdc,VBE“0) 

BU205 


- 


ID 


Emitter Base VoKage 


vebo 

5j0 

- 

_ 


(Ig = 10 mA, Ic - 0) 








ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
dc ‘ 2D Adc, Ib * 1 D Adc) 


- 


5.0 


Base Emitter Sattfration Voltage 
(IC*2DAdc, Ib* 1D Adc) 

VBElsat) 

- 

- 

1.5 

Vdc 

Second Breakdown Collector Current with Base 

Forward Biased 

'S/B 

See Figure 14 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bartdwidth Product (1) 

dc =0.1 Adc, VcE = 5 j 0 Vdc, ftest = 10 MHz) 


- 

4.0 

- 


Output Capacitance 

(VcB = 10 Vdc, lE = 0, f = 1 .0 MHz) 

Cob 

— 


— 



SWITCHING CHARACTERISTICS 


Fall Time 

tf 

_ 

0.65 



dc = 2D Adc, Ibi = 1 D Adc, Lb = 25 mH) (See Figure 1 ) 







(1) Pulse Test: Pulse Width < 300 ms. Duty Cycle = 2%. 


FIGURE 1 - TEST CIRCUIT 


Width 

Adj 


Common 
2500 9 

5.0 W 


Capacitor values in mF 
resistors are % watt 



•c 

L 

C 

0.75 A 

4.25 mH 

.003 mF 

1.5 

2.18 mH 

.006 mF 

2.0 

1.6 mH 

.008 mF 


Common +125 V 


DRIVER TRANSFORMER (T1) 

Motorola part number 25D68782A-05-1/4" laminate "E" iron 
core. Primary Inductance— 39 mH. Secondary Inductance — 22 mH, 
Leakage Inductance with primary shorted — 2.0 mH, Primary 260 
turns #28 AWG enamel wire. Secondary 17 turns, #22 AWG 
enamel wire. 
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BU204, BU205 


BASE DRIVE: The Key to Performance 

By now, the concept of controlling the shape of the 
turn-off base current is widely accepted and applied in 
horizontal deflection design. The problem stems from the 
fact that good saturation of the output device, prior to 
turn-off, must be assured. This is accomplished by pro- 
viding more than enough 1 51 to satisfy the lowest gain 
output device hpg at the end of scan I cm* Worst case 
component variations and maximum high voltage loading 
must also betaken into account. 

If the base of the output transistor is driven by a very 
low impedance source, the turn-off base current will re- 
verse very quickly as shown in Figure 2. This results in 
rapid, but only partial, collector turn-off, because excess 
carriers become trapped in the high resistivity collector 
and the transistor is still conductive. This is a high dissipa- 
tion mode, since the collector voltage is rising very rapidly. 
The problem is overcome by adding inductance to the 
base circuit to slow the base current reversal as shown in 
Figure 3, thus allowing excess carrier recombination in the 
collector to occur while the base current is still flowing. 

Choosing the right Lb is usually done empirically, since 
the equivalent circuit is complex, and since there are 
several important variables (lcM» IBI. srid hpE af ^CM)- 
One method is to plot fall time as a function of Lb, at the 
desired conditions, for several devices within the hpE 
specification. A more informative method Is to plot power 
dissipation versus Ibi for a range of values of Lb as shown 


In Figures 4 and 5. This shows the parameter that really 
matters, dissipation, whether caused by switching or by 
saturation. The negative slope of these curves at the left 
(low Ig-i) is caused by saturation losses. The positive 
slope portion at higher Ibi, and low values of Lb is due to 
switching losses as described above. Note that for very low 
Lb a very narrow optimum is obtained. This occurs when 
Ibi hFE = ICM» therefore would be acceptable only 
for the "typical" device with constant IcM- As Lb is in- 
creased, the curves become broader and flatter above the 
Ibi I^FE “ I CM point as the turn-off "tails" are brought 
under control. Eventually, if Lb is raised too far, the 
dissipation all across the curve will rise, due to poor 
initiation of switching rather than tailing. Plotting this 
type of curve family for devices of different hpg, essen- 
tially moves the curves to the left or right according to the 
relation Ibi hpE = constant. It then becomes obvious 
that, for a specified IcM/ ^n Lb can be chosen which will 
give low dissipation over a range of hpE and/or iBi-The 
only remaining decision is to pick Ibi high enough to 
accommodate the lowest hpE part specified. Figure 8 
gives values recommended for Lb and Ibi for this device 
over a wide range of Icivi- These values were chosen from 
a large number of curves like Figure 4 and Figure 5. 
Neither Lb nor Ibi are absolutely critical, as can be seen 
from the examples shown, and values of Figure 8 are pro- 
vided for guidance only. 


TEST CIRCUIT WAVEFORMS 


FIGURE 2 


FIGURE 3 



(time) (time) 


TEST CIRCUIT OPTIMIZATION 


The test circuit may be used to evaluate devices in the con- 
ventional manner, i.e., to measure fall time, storage time, and 
saturation voltage. However, this circuit was designed to evaluate 
devices by a simple criterion, power supply input. Excessive 
power input can be caused by a variety of problems, but it is the 
dissipation in the transistor that is of fundamental importance. 


Once the required transistor operating current is determined, 
fixed circuit values may be selected from the table. Factory test- 
ing is performed by reading the current meter only, since the 
input power is proportional to current. No adjustment of the 
test apparatus is required. 
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. INPUT POWER (WATTS) Pin, INPUT POWER (WATTS) 


BU204, BU205 


FIGURE 4 - OPTIMIZING DRIVE <S> Iq - 0.75 A 


FIGURE 5 > OPTIMIZING DRIVE @ Iq 1.5 A 



ICM. COLLECTOR CURRENT (AMP) 


STORAGE TIME (#ii) t|, STORAGE TIME (/«) 




















MOTOROLA 

SEMICONDUCTOR 

TECHNtCAL DATA 


BU207 

BU208 


Data Sheet 


HORIZONTAL DEFLECTION TRANSISTOR 


. . . specifically designed for use in large screen color deflection 
circuits. 


• Collector-Emitter Voltage — 

VCEX= 1300 Vdc-BU207 
1500 Vdc-BU208 

• Collector-Emitter Sustaining Voltage — 

VcEOisus) = 600 Vdc-BU207 
700 Vdc - BU208 

• Switching Times with Inductive Loads, tf = 0.4 jis (Typ) @ 

Ic = 4.5A 

• Optimum Drive Condition Curves 

• Glass Base-Collector Junction 




*MAXIMUM RATINGS 

Rating 


Symbol BU207 BU208 Unit 



Emitter Base Voltage 


Collector Current — Continuous 
Peak (1) 


Total Power Dissipation @ Tq = 95°C 
Derate above 95°C 


Characteristic 


Thermal Resistance, Junction to Case 


Maximum Lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds 


(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 



5 AMPERE 
NPN SILICON 
POWER TRANSISTORS 

1300 AND 1500 VOLTS 


Designer s Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries - 
are given to facilitate "worst case" 


, PIN 1. BASE 

2. EMITTER 
CASE COLLECTOR 



NOTES: 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. Gl] is seating plane and datum. 

3. positional tolerance for 

MOUNTING HOLE Q: 

I 4- I ».13 (0.005)© 1 T |V© I 

FOR LEADS: 

I I $.13 (0.005) ©T I V©| Q® 


DIM 

A 

MILLIMETERS 
MIN 1 MAX 

39.37 


~T' 

_ 

21.08 

BIIEH!! 

C 

6.35 

7.62 

lilRCTBiliTiTil 

D 

0.97 

1.09 

EMUmilEi 

E 

1.40 

1.78 


F 

30.15 

BSC 


G 

10.92 BSC 


H 

5.46 BSC 

■iiflT.I.I.liM 

J 

16.89 BSC 


K 

11.18 

12.19 

EHEIESIEI 

Q 

3.81 

4.19 

liiRiimirM 

R 


26.67 


U 

4.83 

5.33 

liHiTiWiTlTil 

V 

3.81 

4.19 
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BU207, BU208 


ELECTRICAL CHARACTERISTICS (Tq = 25° unless otherwise noted.) 

Characteristic \ Symbol | Min { Typ | Max | Unit ] 


OFF CHARACTERISTICS (1 ) 


Collector-Emitter Sustaining Voltage 

(IC= lOO mAdc, Ib = 0) 

BU207 

BU208 

VceO(sus) 

600 

700 

- - 

- 

Vdc 

Collector Cutoff Current 


'CES 




mAdc 

(VcE = 1300 Vdc, Vbe “ 0) 

BU207 



- 



(VcE = 1500 Vdc, VbE = 0) 

BU208 


[Blllll 

- 



Emitter Base Voltage 


vebo 

5.0 

, - 

- 

Vdc 

(Ig = 10 mA, lc»0) 








ON CHARACTERISTICS (1) 


OC Current Gain 

dC = 4.5 Adc, VcE = 5 Vdc) 

hFE 

2.25 

- 

- 

- 

Collector-Emitter Saturation Voltage 
(IC = 4.5Adc, Ib =2 Adc) 

VcE(sat) 

- 

- 

5 

Vdc 

Base Emitter Saturation Voltage 
(IC = 4.5 Adc, Ib “2Adc) 

VBE(sat) 

- 

- 

1.5 


Second Breakdown Collector Current with Base 

Forward Biased 






DYNAMIC CHARACTERISTICS 

Current -Gain — Bandwidth Product 

(IC = 0,1 Adc, VcE = 5.0 Vdc, ftest * 1 MHz) 


Output Capacitance 

“ ‘•0 Vdc, Ig » 0, f = 0.1 MHz) 


SWITCHING CHARACTERISTICS 


(IC = 4.5 Adc, Ib= 1.8 Adc, 
Lb = 10 mH, see Figure 1) 

























BU207, BU208 


BASE DRIVE: The Key to Performance 

By now, the concept of controlling the shape of the 
turn-off base current is widely accepted and applied in 
horizontal deflection design. The problem stems from 
the fact that good saturation of the output device, prior 
to turn-off, must be assured. This is accomplished by 
providing more than enough Ibi to satisfy the lowest gain 
output device hpg at the end of scan Worst-case 

component variations and maximum high voltage loading 
must also be taken into account. 

If the base of the output transistor is driven by a very 
low impedance source, the turn-off base current will re- 
verse very quickly as shown in Figure 2 . This results in 
rapid, but only partial, collector turn-off, because excess 
carriers become trapped in the high resistivity collector 
and the transistor is still conductive. This is a high dissipa- 
tion mode, since the collector voltage is rising very rapidly. 
The problem is overcome by adding inductance to the 
base circuit to slow the base current reversal as shown in 
Figure 3 , thus allowing excess carrier recombination in the 
collector to occur while the base current is still flowing. 

Choosing the right Lb is usually done empirically, since 
the equivalent circuit is complex, and since there are 
several important variables (IqM' *B 1 ' ^FE *CM^- 
One method is to plot fall time as a function of Lb, at the 
desired conditions, for several devices within the hpp 
specification. A more informative method is to plot power 
dissipation versus Ig-j for a range of values of L0 as shown 


In Figures 4 and 5 . This shows the parameter that really 
matters, dissipation, whether caused by switching or by 
saturation. The negative slope of these curves at the left 
(low 10^ ) is caused by saturation losses. The positive slope 
portion at higher |0‘|, and low values of Lb is due to 
switching losses as described above. Note that for very low 
L0 a very narrow optimum is obtained. This occurs when 
*B 1 ^FE “ *CM' therefore would be acceptable only 
for the "typical" device with constant Iq(^. As Lb is in- 
creased, the curves become broader and flatter above the 
*B 1 ^FE ” *CM 3s the turn-off "tails" are brought 
under control. Eventually, if Lb is raised too far, the 
dissipation all across the curve will rise, due to poor 
initiation of switching rather than tailing. Plotting this 
type of curve family for devices of different hpp, essen- 
tially moves the curves to the left or right according to the 
relation 1 01 hpp = constant. It then becomes obvious 
that, for a specified lQ|y|, an Lb can be chosen which will 
give low dissipation over a range of hpp and/or |0<|. The 
only remaining decision is to pick i0<| high enough to 
accommodate the lowest hpp part specified. Figure 8 
gives values recommended for Lb and I01 for this device 
over a wide range of iQiyj. These values were chosen from 
a large number of curves like Figure 4 and Figure 5 . 
Neither Lb nor |0^ are absolutely critical, as can be seen 
from the examples shown, and values of Figure 8 are pro- 
vided for guidance only. 


TEST CIRCUIT WAVEFORMS 


FIGURE 2 


FIGURE 3 


•b 


•b 


3 


•c 


•c 


(time) 


(time) 




TEST CIRCUIT OPTIMIZATION 


The test circuit may be used to evaluate devices In the con- 
ventional manner, i.e., to measure fall time, storage time, and 
saturation voltage. However, this circuit was designed to evaluate 
devices by a simple criterion, power supply input. Excessive 
power input can be caused by a variety of problems, but it is the 
dissipation in the transistor that is of fundamental importance. 


Once the required transistor operating current is determined, 
fixed circuit values may be selected from the table. Factory test- 
ing is performed by reading the current meter only, since the 
Input power is proportional to current. No adjustment of the 
test apparatus is required. 
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, INPUT POWER (WATTS) 


BU207, BU208 



5, STORAGE TIME {m) tj, STORAGE TIME (ms) 









V, VOLTAGE (VOLTS) Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) 








MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BU208A 


horizontal deflection transistor 

. . . designed for use in televisions. 

• Collector-Emitter Voltages VqeS ^ 500/1700 Volts 

• Fast Switching - 400 ns Typical Fall Time 

• Low VcE(sat) 0.3 Vdc Typical at 4.5 Adc/2.25 Adc (BU208A) 

• Low thermal Resistance 1 °C/W increased reliability 

• Glass passivated (patented photoglass). Triple diffused Mesa 

Technology for long term stability. 


MAXIMUM RATINGS 


Rating 

Symbol 

BU208A 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

700 

Vdc 

Collector-Emitter Voltage 

VCES 

1500 

Vdc 

Emitter-Base Voltage 

Veb 

5 

Vdc 

Collector Current 
- Continuous 

•c 

7 (5) 

Vdc 

- Peak 

•cm 

15(7.5) 


Base Current 
- Continuous 

•b 

4 

Adc 

- Peak (Negative) 

•bm 

3.5 


Total Power Dissipation 

Pd 


Watts 

at Tc = 95°C 

Derate above 95°C 


20 (12.5) 

1 (0.625) 

w/oc 

Operating and Storage Junction 

Tj/ Tgtg 


°C 

Temperature Range 

- 65 to -F 1 1 5 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

R0JC 

1.0 (1.6) 

°C/W 

Maximum Lead Temperature 
for Soldering Purpose: 

1/8" from Case for 5 Seconds 

Tl 

275 

OC 


NOTE: 1. Pulsed fvris, Di4v Cycle 2^ 10%. 

2, See page 3 tor Addifiona' Ratings on A Type, 

3. Figures m ( ) are Standard Ratings Motorola Guarantees are Superior. 


6 AND 7 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

1500 to 1700 VOLTS 




I DIMENSIONS 0 AND V ARE DATUMS 
1 . [T] IS SEATING PLANE AND DAT UM 
3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE 0 
I ♦ I >.'3(0 005)© 1 T jv"^ 

FOR LEADS ■ 

I ♦ I t.lS (0.005)© T I V© I Q©| 
4 DIMENSIONS AND TOLERANCES PER 
ANSI YUS, 1973 



■!IIHII 

\Aim 

INC 

HES 

DIM 

mm 

MAX 

MIN 

MAX 

A 

_ 


_ 


B 

_ 


_ 

EHEI 

C 

6.35 

7.62 

■ilifil 

EMU 

0 


fiH 

■il'ipi!:! 

IKI 

1 


WLkl 

_ 

ElEa 

F 



G 


■XHEESn 

H 

5.46 BSC 

0.215 BSC 

J 

16.8( 

) BSC 

0.66! 

BSC 

K 

11.18 

12.19 



WKm 

3.81 

A19 

cn^ 

0.165 

m 

_ 

grTivi 

- 


u 

4.83 

5.33 


iiMTil! 

V 

BE'I'l 





CASE 1-05 {TO-3) 




















BU208A 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

+40 V +40 V 



FLASHOVER PERFORMANCE 

The BU208A is guaranteed to the following additional maximum ratings 


20 pulses maximum of 

'C PEAK lOA ^ 50 Duty cycle < 50%. 

Followed by 

VcesPEAK 1650V 


FIGURE 2 - POWER DERATING 



Tc. CASE TEMPERATURE fC) 


16 





BU208A 


BASE DRIVE 
The Key to Performance 


By now, the concept of controlling the shape of the 
turn-off base current is widely accepted and applied in 
horizontal deflection design. The problem stems from 
the fact that good saturation of the output device, prior 
to turn-off, must be assured. This is accomplished by 
providing more than enough Ibi to satisfy the lowest 
gain output device hpg at the end of scan I^M- 
Worst-case component variations and maximum high 
voltage loading must also be taken into account. 

If the base of the output transistor is driven by a very 
low Impedance source, the turn-off base current will 
reverse very quickly as shown in Fig. 3. This results in 
rapid, but only partial collector tUrn-off, because excess 
carriers become trapped in the high resistivity collector 
and the transistor is still conductive. This is a high 
dissipation mode, since the collector voltage is rising 
very rapidly. The problem is overcome by adding 
inductance to the base circuit to slow the base current 
reversal as shown in Fig. 4, thus allowing axcess carrier 
recombination in the collector to occur while the base 
current is still flowing. 

Choosing the right Lb is usually done empirically since 
the equivalent circuit is complex, and since there are 
several important variables (IqM' ^nd hpE 3 t Iqm)- 
One method is to plot fall time as a function of Lb, at 
the desired conditions, for several devices within the 
hpE specification. A more informative method is to plot 
power dissipation versus Ibi for a range of values of Lb- 


This shows the parameter that really matters, dissipa- 
tion, whether caused by switching or by saturation. For 
very low Lb a very narrow optimum is obtained. This 
occurs when Ibi- hpE = ICM. therefore would be 
acceptable only for the “typical" device with constant 
ICM- As Lb is increased, the curves become broader and 
flatter above the Ibi. hpE ~ 'CM as the turn off 

“tails" are brought under control. Eventually, if Lb is 
raised too far, the dissipation all across the curve will 
rise, due to poor initiation of switching rather than 
tailing. Plotting this type of curve family for devices of 
different hpE* essentially moves the curves to the left, or 
right according to the relation Ibi- hpE = constant. It 
then becomes obvious that, for a specified IcM- ^n Lb 
can be chosen which will give low dissipation over a 
range of hpE and/or Ibi- The only remaining decision is 
to pick Ibi high enough to accomodate the lowest hpE 
part specified. Neither Lb nor Ibi are absolutely critical. 
Due to the high gain of Motorola devices it is suggested 
that in general a low value of Ibi be used to obtain 
optimum efficiency— eg. for BU208A with Iqivj = 4.5 A 
use Jbi 1.5 A, at Iciyi = 4 A use Ibi ~ 1.2 A. These 
values are lower than for most competition devices but 
practical tests have showed comparable efficiency for 
Motorola devices even at the higher level of 13 -]. 

An Lb of 10 uH to 1 2 uH should give satisfactory opera- 
tion of BU208A with Iqm of 4 to 4.5 A and Ibi be- 
tween 1.2 and 2 A. 


TEST CIRCUIT WAVEFORMS 


FIGURE 3 FIGURE 4 



(time) (time) 


TEST CIRCUIT OPTIMIZATION 


The test circuit may be used to evaluate devices in the 
conventional manner, i.e., to measure fall time, storage time, and 
saturation voltage. However, this circuit was designed to evaluate 
devices by a simple criterion, power supply input. Excessive 


power input can be caused by a variety of problems, but it is the 
dissipation in the transistor that is of fundamental importance. 
Once the required transistor operating current is determined, 
fixed circuit values may be selected. 
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ic, COLLECTOR CURRENT (A) 


BU208A 



0.01 0.02 0.05 Q.I 0.2 0.5 1.0 2.0 5.0 10 

IC, COLLECTOR CURRENT (A) 


FIGURE 6 - COLLECTOR-EMITTER SATURATION VOLTAGE 




0.1 0.2 0.5 1.0 2.0 5.0 10 

IC, COLLECTOR CURRENT (A) 


FIGURE 9 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 



FIGURE 8 - COLLECTOR SATURATION REGION 



Pulse width < 20 /us. Duty cycle < 0.25. Rgg < 100 Ohms. 







MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


NPN SILICON HORIZONTAL DEFLECTION TRANSISTOR 
WITH INTEGRATED DAMPER DIODE 


. . . specifically designed for use in large screen color deflection 
circuits r\ 


• VcES= 1500 V; 

VcEO(sus)= 700 V (min) 

• Low saturation: 

VCE(sat) = 1 0 V (max) @ Ic = 4.5 Adc 




MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

700 

Vdc 

Collector-Emitter Voltage (Rqe = 0) 

VCES 

1500 

Vdc 

Emitter Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

— Peak 

•cm 

7.5 


Base Current — Peak 

'B 1 

3.5 

Adc 

Total Device Dissipation Tq = 25°C 

Pd 

60 

Watts 

Derate above 25°C 


0.666 

W/°C 

Operating and Storage Junction 

7j' 7s tg 

-65 to 1 1 5 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rfljc 

1.5 

°C/W 



BU208D 


5 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

1500 VOLTS 
60 WATTS 



C—T 





STYLE 1 

PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


1. DIMENSIONS Q AND V ARE DATUMS. 

2. GD IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q; 

( ♦ I ».13(0.00S)® I T [V(^ 

FOR LEADS: 

I ♦ I ii3 (0.005)® T I v0| a®l 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 



MILLIMETERS 

INCHES 

DIM 

MIN 1 MAX 

MIN 1 MAX 

A 

- 1 39.37 

- 1 1.550 

B 

- 1 21.08 

- 1 0.830 

C 

6.35 1 7.62 

0.250 1 0.300 

D 

0.97 1 1.09 

0.038 1 0.043 

E 

1.40 1 1.78 

0.0551 0.070 

F 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

"IT 

11.18 1 12.19 

0.440 1 0.480 

"0^ 

3.81 4.19 

0.150 1 0.165 

R 

26.67 

1.050 

u , 

4.83 5.33 

0.190 0.210 

hvl 

3.81 1 4.19 

0.150 1 0.165 


CASE 1-05 
TO-204AA (Type) 
(Formerly TO-3) 
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BU208D 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 



OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(IC= 100 mAdc, Ib = 0, L=25mH,Vciamp=800V) 

VcEO(sus) 

700 

— 

Vdc 

Collector Cutoff Current 
(VcE = 1 500 Vdc, Vbe = 0) 

•CES 

— 

1.0 

mAdc 

Emitter Cutoff Current 
(Veb =5.0 Vdc, Ic = 0) 

‘ebo 

— 

300 

mAdc 


ON CHARACTERISTICS (1) 


Diode Forward Voltage 
(Ip = 4.0 A) 

Vf 

— 

2.0 

Vdc 

Collector-Emitter Saturation Voltage 
dC = 4.5 Adc, Ib = 2.0 Adc) 

VcE(sat) 

— 

1.0 

Vdc 

Base-Emitter Saturation Voltage 
dC = 4.5 Adc, Ib = 2.0 Adc) 

VBE(sat) 

— 

1.5 

Vdc 


SWITCHING CHARACTERISTICS (Inductive Load) 


Fall Time 

(Ic (end) = 4.5 Adc, Vqc =140 Vdc, 

tf 

— 

0.6 (typ) 

MS 


Ib (end) = 1 .8 A, Lc = 0.9 mH, Lb = 1 0 mH) 






(1) Pulse Test. PW = 300 fxs. Duty Cycle ^ 3%. 


3 


3-410 






MAXIMUM RATINGS 


Rating 

Symbol 

BU323 

BU323A 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

350 

400 

Vdc 

Collector-Base Voltage 

VCBO 

500 

600 

Vdc 

Emitter-Base Voltage 

Vebo 

8 

8 

Vdc 

Collector Current — Continuous 

'C 

10 

10 

Adc 

Pea k ( 1) 


16 

16 


Base Current — Continuous 

•b 

3 

3 

Adc 

Total Power Dissipation @ Tq = 25°C 

Pd 

175 

175 

Watts 

@ Tc = 100°C 


100 

100 

Watts 

Derate above 25°C 


1 

1 

W/°C 

Operating and Storage Junction 

Tj< Tstg 

-65 tc 

) +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 1 

Thermal Resistance, Junction to Case 

R0JC 

1 

o 

o 

Maximum Lead Temperature for Soldering 

Purposes; 1/8" from Case for 5 Seconds 

Tl 

275 

°c 


(1 ) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%, 



3 






BU323, BU323A 


3 


ELECTRICAL CHARACTERiSTiCS (Tc = 25 °C unless otherwise noted) 

Characfrittic | [ Symbol [ Min. | ^ Typ. | Max. | Unit | 

OFF CHARACTERISTICS^ 


Col lector- Emitter Sustaining Voltage (Figure 1) 
L-IOmH 

dC “ 200 mAdc, Ib ■ 0, Vdamp “ Rated Vceo> 

BU323 

BU323A 

VCEOIsus) 

350 

400 



Vdc 

Collector-Emitter sustaining Voltage (Figure 1) 

(IC^3 A, Rbe » 100 Ohms, L» 500 MH) 
Undamped 

BU323 

BU323A 

VcER(su$) 

400 

475 



Vdc 

Collector Cutoff Current 

(Rated V^ER* RbE “100 Ohms) 


•CER 



1 


Collector Cutoff Current 
(Rated VcBO» )E “ 0) 


O 

00 

O 



1 

mAdc 

Emitter Cutoff Current 
(Veb“ 6 Vdc. lc-0) 


•ebo 



40 

mAdc 


ON CHARACTERISTICS* 


DC Current Gain 

(IC“3 Adc, Vce“ 6 Vdc) 

(IC“6 Adc, Vce“ 6 Vdc) 

(IC“ 10 Adc, Vce“ 6 Vdc) 


^FE 

300 

150 

50 

550 

350 

150 

2000 


Collector-Emitter Saturation Voltage 


VcE(sat) 




Vdc 

dC “ 3 Adc Ib • 60 mAdc) 





1.5 


(IC“6 Adc, Ib* 120 mAdc) 





1.7 


dc * 10 Adc, Ib * 300 mAdc) 





2.7 


dC “ 6 Adc, Ib » 120 mAdc, Tc “ "40 °C) 





2.0 


Base-Erhitter Saturation Voltage 


VBE(sat) 




Vdc 

(IC“6Adc, Ib* 120 mAdc) 





2.2 


dc* 10 Adc, Ib* 300 mAdc) 





3 


dc * 6 Adc, Ib * 120 mAdc, Tc * "40 °C) 




1 

1 2.4 


Base-Emitter On Voltage 







dc * 10 Adc, VcE “ 6 Vdc) 







Diode Forward Voltage 


Vf 




Vdc 

dp * 10 Adc) 




2 




DYNAMIC CHARACTERISTICS 


Output Capacitance 


Cob 




PF 

(VcB * 10 Vdc, Ie * 0, ftest “ 100 kHi) 



165 

350 



SWITCHING CHARACTERISTICS 


Storage Time 

(Vcc“12Vdc. 

IC - 6 Adc, 

•b 1 “ *52 “ 0.3 Adc) Fig. 2 




7.5 

15 

.iA 



tf 


5.2 

15 

tJ* 


FUNCTIONAL TESTS 


Second Breakdown Collector Current with 
Base-Forward Biased 


*S/B 


See Figure 10 



Pulsed Energy Test (See Figure 12) 


«c2l 

2 

550 





* Pulse Test: Pulse Width » 300 fJ$, Duty Cycle » 2%. 


FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUIT 



FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 
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t.TIME (|iS) VCE (sat), COLLECTOR-EMITTER SATURATION VOLTAGE (V| hpE. DC CURRENT GAIN 


BU323, BU323A 





1111111 


BSBSaSSS^' 

BBBHPeSlIlBI 


imiiiiimiiiiiiiBiiiSB 

iiiiiiiiiiKHiiiiiikBniiiiim 

illllllllHklllllillMMIIHIIL, 
■llllillWIIIIIIIHIIIIIimH 

ii3CGEi:iaaKaiiiHBis:s!!!s 
illllltlBiMiS!!!!ianillllll 



tKHi 




isss::ss 

.jaaaiiBBB 

■■iiiini 




0.5 0.7 1 2 3 5 

IC, COLLECTOR CURRENT (AMP) 


Vbe, base emitter voltage (VOLTS) 






FIGURE 10 - FORWARD BIAS SAFE OPERATING AREA 



There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 10 is based on Tq = 25°C; Tj(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current a. the voltages shown on Figure 10 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 1. 

Tj(pk) rnay be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


FIGURE 12 - IGNITION TEST CIRCUIT 



Tc.CASE TEMPERATURE (OC) 


V2 = 350V(BU323) 
400 V (BU323A) 
at Iz - 20 mA 


ti (0 be selected such that Ic reaches 10 Adc before switch-ott. 

NOTE. Figure 12 specifies energy handling capabilities in an automotive igniti 










MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


The BU323P, BU323APare monolithic darlington transis- 
tors designed for automotive ignition, switching regulator 
and motor control applications. 


• Collector-Emitter Sustaining Volta- 
ge - VcER (sus) = 475 Vdc (Min. 
BU323AP) 

• 125 Watts Capability at 50 Volts 

• VcE Sat Specified at -40°C = 2 V 
Max. at Ic = 6 A 


Collector 

9 


550 mJ Energy Capability Tested 
In Automotive Ignition Circuit 
Photoglass Passivation for Reliabi- 
lity and Stability 




6 

Emitter 


MAXIMUM RATINGS 


Rating 

Symbol 

BU323P 

BU323AP 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

200 

250 

Vdc 

Collector-Emitter Voltage 

VcEV 

300 

350 

Vdc 

Emitter Base Voltage 

Veb 

7 

Vdc 

Collector Current - Continuous 

Ic 

50 

40 

Adc 

- Peak (1) 

IcM 

100 

80 


- Overload 

lot 




Base Current - Continuous 

Ib 

10 

16 

Adc 

- Peak (1) 

Ibm 




Total Power Dissipation - Tc = 25°C 

Pd 

125 

Watts 

-Tc = 100°C 


100 

Watts 

Derate above 25° C 


1 

W/°C 

Operating and Storage Junction 

Tj, Tstg 



°C 

Temperature Range 


-65 to -h200 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

Rejc 

1 

°C/W 

Maximum Lead Temperature 
for Soldering Purposes; 

Vs" from Case for 5 Seconds 

Tl 

275 

°c 


(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle ^ 10%. 


BU323P 

BU323AP 


DARLINGTON 
NPN SILICON 
POWER TRANSISTORS 

350 & 400 VOLTS 
125 WATTS 





3-415 









BU323P/BU323AP 


ELECTRICAL CHARACTERISTICS (Tq = 25 °C unless Otherwise noted) > 

Charact»ristic | | Symbol | Min. | Typ. | Max. | Unit | 

OFF CHARACTERISTICS* 


Collector-Emitter Sustaining Voltage (Figure 1) 

L * 10 mH 

(IC = 200 mAdc, Ib = 0, Vdamp = Flated VcEO> 

BU323P 

BU323AP 

VcEO(sus) 

350 

400 



Vdc 

Collector-Emitter sustaining Voltage (Figure 1) 
dc = 3 A, Rbe = 100 Ohms. L = 500 flH) 
Undamped 

BU323P 

BU323AP 

VCER(sus) 

400 

475 



Vdc 

Collector Cutoff Current 

(Rated V^er, Rbe * 100 Ohms) 


*CER 



1 

mAdc 

Collector Cutoff Current 
(Rated VcbO' ‘e “ 0) 

j 

•CBO 



1 

mAdc 

Emitter Cutoff Current 
(Veb = 6 Vdc, Ic* 0) 


•ebo 



40 

mAdc 


ON CHARACTERISTICS* 


DC Current Gain 

(IC = 3 Adc, VcE = 6 Vdc) 
dc “ 6 Adc, Vqe “ 6 Vdc) 

(IC= 10 Adc, Vce = 6 Vdc) 


^’FE 

300 

150 

50 

550 

350 

150 

2000 


Collector-Emitter Saturation Voltage 


VcE(sat) 




Vdc 

dc = 3 Adc Ib “ 60 mAdc) 





1.5 


(IC= 6 Adc. Ib = 120 mAdc) 





1.7 


dc = 10 Adc, Ib = 300 mAdc) 





2.7 


(IC = 6 Adc, Ib= 120mAdc. Tc“'40 °C) 





2.0 


Base-Emitter Saturation Voltage 


VBE(sat) 




Vdc 

dc* 6 Adc, Ib “ 120 mAdc) 





2.2 


dc* 10 Adc, Ib * 300mAdc) 





3 


dC=6 Adc, Ib= 120 mAdc.Tc--40°C) 





2.4 


Base-Emitter On Voltage 


VBE(on) 




Vdc 

dc = 10 Adc, VcE “ 6 Vdc) 





2.5 


Diode Forward Voltage 


Vf 





(Ip* 10 Adc) 




2 

3.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

(VcB = 10 Vdc, Ie * 0, ftest “ 100 kHz) 


Cob 


165 

350 

PF 


SWITCHING CHARACTERISTICS 


Storage Time 

(VCC= 12 Vdc, 

Ic = 6 Adc, 

'B1 ~ 'B2 = 0.3 Adc) Fig. 2 


ts 


7.5 

15 

HH' 

Fall Time 


tf 


5.2 

15 



FUNCTIONAL TESTS 


Second Breakdown Collector Current with 
Base-Forward Biased 


'S/B 


See Figure 10 



Pulsed Energy Test (See Figure 12) 


•c2l 

2 

550 





* Pulse Test: Pulse Width = 300 fJs. Duty Cycle = 2%. 


FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUIT 



FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 
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f. TIME l/iS) VCE (sal). COLLECTOR EMIHER SATURATION VOLTAGE (V) hpE, DC CURRENT GAIN 


BU323P/BU323AP 


FIGURE 3 - DC CURRENT GAIN 


FIGURE 4 - COLLECTOR-SATURATION REGION 



IC, COLLECTOR CURRENT (AMP) 



0.002 0.005 0.01 0.002 0.05 0.1 0.2 0.5 1 2 

IB, BASE CURRENT (AMP) 


FIGURE 5 - COLLECTOR-EMITTER 
SATURATION yOLTAGE 



0.1 0.2 0.5 1.0 2.0 5.0 10 


IC, COLLECTOR CURRENT (A) 


FIGURE 6 - BASE-EMITTER VOLTAGE. 



IC, COLLECTOR CURRENT (A) 



IC, COLLECTOR CURRENT (AMP) 



VbE, BASE-EMITTER VOLTAGE (VOLTS) 
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POWER DERATING FACTOR(%| p IC, COLLECTOR CURRENT (AMP) r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


BU323P/BU323AP 










MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


BU326 

BU32SA 


HIGH VOLTAGE NPN SILICON TRANSISTOR 


. . . Designed for use in the switch mode power supplies of colour 
television receivers. 

• Collector- Emitter Voltage VcES" 8^0 V and 900 V 

• Collector-Current Ic = 6 A DC 

• Low collector emitter saturation voltage 

VCE (sat) = 3 V max. at Ic = 4 A 

• Fall time at Ic = 2.5 A 

Tp = 1 jus max. at Tc = 100 ®C 


6 AMPERES 


NPN SILICON 
POWER TRANSISTORS 

37B, 400 VOLTS 
90 WATTS 



MAXIMUM RATINGS 


Rating 

Symbol 

BU326 

BU326A 

Unit 1 

Collector-Emitter Voltage 

VCEO (sus) 

KESI 

400 


Collector-Emitter Voltage 

VCES 



ion 

Emitter Base Voltage 

veb 

10 

BQI 

Collector Current - Continuous 

•c 

6 


- Peak* 

'CM 

8 

mu 

Base Current — Continuous 

'b 

2 

mam 

- Peak’ 

'bm 

3 

IIm 

Reverse Base Current 20 ms max. 

<b 

100 


— Peak during turn off 

■bm 

3 

Hi 

Total Power Dissipation 

pd 

90 

RQBB 

Derate above 25 °C 


0.6 


Operating and Storage Junction 

^J* ^stg 

—65 to +175 

°c 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max. 1 

Unit 

Thermal Resistance, Junction to Case 

8(?JC 

1.65 

°C/W 


‘ Pulse Test; Pulse Width = 5 ms. Duty Cycle < 10%. 




1 DIMENSIONS Q AND V ARE DATUMS 

2. [T] IS SEATING PLANE AND DATUM 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE 0 

I ♦ I ♦.13(0.005)© I T [v©] 

FOR LEADS 

I ♦ I >.13(0.005)® T I V©| Q©| 
4 DIMENSIONS AND TOLERANCES PER 
ANSI Y14.&. 1973. 



CASE 1-05 TO-3 
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BU326, BU326A 


ELECTRICAL CHARACTERISTICS (Tc = 25 °C unless otherwise noted) 


Characteristic 

Symbol 

Min. 

Typ. 

Max. 

Unit 

OFF characteristics' 

Collector-Emitter Sustaining Voltage 
(IC= 100 mA, Ib = 0, L= 25 mH) 

BU326 

BU326A 

VCEO (sus) 

375 

400 



Vdc 

Collector-Cutoff Current 


‘CES 




mAdc 

(VcE = 800 V. Vbe = 0) 

BU326 




1.0 


<Vce==900V, Vbe=0) 

BU326A 




1.0 




Collector Cutoff Current 


•CES 




mAdc 

(VcE = 800 V, Vbe = O, Tj = 1 25 ®C) 

BU326 




2.0 


( VcE = 900 V, Vbe = O, Tj = 1 25 °C) 

BU326A 




2.0 


Emitter Cutoff Current 


•ebo i 




mAdc 

(Veb = 10 V. Ic = 0) 





10 



ON characteristics' 


DC Current Gain 

dC = 0.6 A. VcE = 5 V) 

hpE 


30 


- 

Collector-Emitter Saturation Voltage 
(IC = 2.5 A, Ib = 0.25 A) 

(IC = 4.0 A, Ib = 1.25 A) 

VCE (sat) 



10 

3 

Vdc 

Base-Emitter Saturation Voltage 
dc = 2.5 A. Ib = 0.25 A) 
dc = 4.0 A, Ib= 1.25 A) 

Vbe (sat) 



1.4 

1.6 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

^T 




MHz 

dc 200 mAdc, VcE = 10 Vdc. f^est = 10 MHz) 

i 


6 




SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) 






Turn On Time 

(Ic = 2.5A, Ibi =0.5 A) 

(IB2 = 1 0 a, Vcc = 250 V) 

^on 



0.5 

/is 

Storage Time 

ts 



3.5 

Ate 

Fall Time 

tf 


0.3 


Ate 

Fall Time 

dc = 2.5 A. Ibi = 0.5 A) 

(Ib 2 = 1.0 a, Vcc = 250 v, tc = 100 "o 

tf 



1.0 

Ate 


' Pulse Test. Pulse Width = 300 jUs, Duty Cycle = 2%. 
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t, TIME MS V, VOLTAGE (V) Iq, COLLECTOR CURRENT (A) 


BU326, BU326A 



1 10 100 

VcE, COLLECTOR EMITTER VOLTAGE (V) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second break- 
down. Safe operating area curves indicate Ic VqE limits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa- 
tion than the curves indicate. 

The data of figure 2 is based on Tc “ 25" C; Tj(p)<) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 

At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415A) 



i !i I I M I 1 1 I I 1 1111 

0.1 6 
IC, COLLECTOR CURRENT (A) 



0.01 0.1 1 10 
IC, COLLECTOR CURRENT (A) 


FIGURE 4 - RESISTIVE SWITCHING PERFORMANCE FIGURE 5 - SWITCHING TIMES TEST CIRCUIT 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


NPN Power Transistors 

These devices are high voltage, high speed transistors for horizontal deflection output 
stages of TV's and CRT's. 

• High Voltage: Vqev = 330 or 400 V 

• Fast Switching Speed: tf = 750 ns (max) 

• Low Saturation Voltage: VcE(sat) = V (max) @ 5 A 

• Packaged in Compact JEDEC TO-220AB 

• "D" Suffix w/Integral Damper Diode 


BU406,D 

BU407,D 


7 AMPERES 
NPN SILICON 
POWER TRANSISTORS 
60 WATTS 
150 and 200 VOLTS 




6 


"D" SUFFIX ONLY 


MAXIMUM RATINGS 


Rating 

Symbol 

BU406,D 

BU407,D 

Unit 

Collector-Emitter Voltage 

VCEO 

200 

150 

Vdc 

Collector-Emitter Voltage 

VCEV 

400 

330 

Vdc 

Collector-Base Voltage 

VCBO 

400 

330 

Vdc 

Emitter Base Voltage 

Vebo 

6 

Vdc 

Collector Current — Continuous 

ic 

7 

Adc 

Peak Repetitive 


10 


Peak (10 ms) 


15 


Base Current 

Ib 

4 

Adc 

Total Device Dissipation, Tq = 25°C 

Pd 

60 

Watts 

Derate above Tq = 25°C 


0.48 

W/°C 

Operating and Storage 

Tjr Tstg 

-65 to 150 

°C 

Junction Temperature Range 





THERMAL CHARACTERISTICS 



Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

2.08 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

70 

x/w 

Lead Temperature for Soldering Purposes: 

1/8" from Case for 5 Seconds 

tl 

275 

X 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 


Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(‘l) 

BU406,D 

VCEO(sus) 

200 

— 

— 

Vdc 

dC = 100 mAdc, Ib = 0) 

BU407,D 


150 

— 

— 


Collector Cutoff Current 


'CES 




mAdc 

(VcE = Rated VqeV' ^be = 0) 



— 

— 

5 


(VcE = Rated VcEO + 50 Vdc, Vbe = 0) 



— 

— 

0.1 


(VcE = Rated VceO 50 Vdc, Vbe = 0' 

= 150X) 


— 

— 

1 


Emitter Cutoff Current 

BU406, BU407 

'ebo 

— 

— 

1 

mAdc 

(Veb = 6Vdc, Ic = 0) 

BU406D, BU407D 


— 

— 

400 



ON CHARACTERISTICSd) 


Collector-Emitter Saturation Voltage (Ic = 5 Adc, Ib = 0.5 Adc) 

VCE(sat) 

— 

— 

1 

Vdc 

Base-Emitter Saturation Voltage (Ic = 5 Adc, Ib = 0.5 Adc) 

VBE(sat) 

- 

- 

1.2 

Vdc 

Forward Diode Voltage (Igc = 5 Adc) "D" only 

Vec 

- 

- 

2 

Volts 


(1) Pulse Test: Pulse Width ^ 300 fis. Duty Cycle « 1%. (continued) 


3-422 







DC CURRENT GAIN 


BU406,D • BU407,D 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product 
dC = 0.5 Adc, VcE = 10 Vdc, ftest = 20 MHz) 

fr 

10 

— 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1 MHz) 

Cob 

— 

80 

— 

PF 


SWITCHING CHARACTERISTICS 


Inductive Load Crossover Time 

^c 

— 

_ 

0.75 

/xs 

(Vcc = 40 Vdc, Ic = 5 Adc, 

Ibi = Ib 2 = 0.5 Adc, L = 150 /lH) 









Figure 1. DC Current Gain 


Figure 2. Maximum Rated Forward 
Bias Safe Operating Area 


OUTLINE DIMENSIONS 






NOTES: 

1. DIMENSIONING AND T0LERANCIN6 PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-04 
TO-220AB 



mrm 

am 

■Kl!3 





KTra, 

KB 





HUB 





mm 

H!B 

BIB 

BUB 


KB 

B^^l 

BEHB 



BB 





o 






B^EB 


KiITM 

BIMBI 

BB 





BB 

KHitB 




BB 

BIB 

BIB 



n 

BIB 

IBB 

gflB 


mm 

Bl?! 

B]^B 







KtlKfiB 

BB 




B*|iV4i 

NEB 




ByiBI 

BB 

KJ^B 


BBI 


BB 

BIB 

BBB 

BEB 

BHB 

BB 

BBB 


BBB 

BIlB 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


HIGH VOLTAGE NPN SILICON TRANSISTOR 

. . . designed for use in the switched mode power supply of 90° and 
110° colour television receivers. 

• High Collector-Emitter Voltage 

VcES = 800 V, 900 V 

• Collector Current 
IC = 6 Adc 

• Low Collector Emitter Saturation Voltage 
VcE(sat) =3 Vdc, @lc = 4A, Ig = '1.25 Adc 

• Fall Time @ Iq = 2,5 A, Ib (end) ” A 
tf = 0,3/Lisec (typ) 


MAXIMUM RATINGS 


Rating 

Symbol 

BU426 

BU426A 

Unit 

Collector-Emitter Voltage 

VCEO 

375 

400 


Collector-Emitter Voltage V0 e = 0 





Emitter-Base Voltage 

Veb 

10 

Vdc 

Collector Current — Continuous 

■9 

' 


Adc 

— Peak 

■■1 

12 


Base Current 

'b 

2.0 


Total Device Dissipation @ Tq = 25®C 


113 


Derate above 250C 


0.90 


Operating and Storage Junction 

^J-^stg 
: 



OQ 

Temperature Range 

-65 to 150 



6 AMPERES 

TRIPLE DIFFUSED 
NPN SILICON 
POWER TRANSISTORS 

800,900 VOLTS 
113 WATTS 

























BU426 

BU426A 


ELECTRICAL CHARACTERISTICS (Tq • 25°C unless otherwise noted! 


Charecf fistic { S y mbol | Min | Typ | Mex | 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage See Figure 8 BU426 

OC “ 100 mA, L « 26 mH) BU426A 

VCEO 

375 

400 

- 

- 

V(k 

Collector-Cutoff Current 

(VCES = Rated Value, Tc = 250C) 

(VCES = Rated Value, TC = 1250C| ' 

ICES 

- 

- 

1,0 

2.0 

mAdc 

Emitter Cutoff Current 

VeB = 10 Vdc, 1C = 0) 

lEBO 



10 

mAd( ] 


ON CHARACTERISTICS 


DC Current Gain 

lie = 0.6 Adc, VCE = 5 Vdc) 

hpE 


30 

- 

- ! 

Collector-Emitter Saturation Voltage 

YcElsat) 




Vdc 1 

UC = 2.5 Adc, IB = 0.5 Adc) 


- 

- 

1.5 

1 

dC = 4 Adc, IB = 1.25 Adc) 



~ 

3 

1 

Base-Emitter Saturation Voltage 

VBEIsat) 




Vdt 1 

dC = 4 Adc, IB = 1.25 Adc) 


- 

- 

1.6 


UC = 2.5 Adc, IB = 0.5 Adc) 


I i 

- 

1.4 

\ 


DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

(IC = 0.2 Adc, VcE = 10 Vdc, f,est = 10 MHz) 

^T 


6 



SWITCHING CHARACTERISTICS (Resistive Load) 


Turn on Time 

dc = 2.5 A. Ibi = 0.5 A) 

(l82= 1.0 A, Vcc= 250 V) 

'on 


0.2 

0.6 


Storage Time 

‘s 


2 

3.5 


Fall Time 



0.5 



Fall Time 

(IC= 2.5A. Ibi= 0.5A) 

(IB2 = 1.0 A. Vec = 250 V, Tq = 950C) 



umi 




U 




im 


‘f 
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dt), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


BU426 

BU426A 


FIGURE 7 - THERMAL RESPONSE 



FIGURE 8 - SUSTAINING VOLTAGE TEST CIRCUIT 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 




HORIZONTAL DEFLECTION TRANSISTOR 


. specifically designed for use in large 
screen color deflection circuits 


• VcEX = 1500 V; 

VCEO(sus) = 700 V (min.) 

• Low saturation : 

VcE(sat) == 1 V (max.) @ Ic = 4.5 Adc 




6 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

1500 VOLTS 
75 WATTS 


MAXIMUM RATINGS 


Rating 


Collector-Base Voltage 


Emitter-Base Voltage 
Collector-Emitter Voltage (V 0 e = -2.0 V 

Collector-Current — continuous 

- peak (pw < 300 /is) 
Base-Current continuous 


Total Power Dissipation = 25°C 


Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 



Pd 75 


Tj.Tstg 




n 

— - A 

— B H 

L. ] 

1 

L 

. j 

t i 

L 

I 





1 



F -■ — 1 



r- •■-{ 


Q- 


! 


\ ^ |1 ^ 






NOTES: 

1 DIMENSIONS 0 AND V ARE DATUMS 

2. Gl] is SEATING PLANE AND DATUM 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q 

I ♦ I ♦■13(0.005)© I t J V© I 

FOR LEADS: 

1 ♦ ! >.13(0.0057© T 1 V® I 00 
4 DIMENSIONS AND TOLERANCES PER 
ANSI Yt4, 5, 1973. 

ImiilimetersI incheI 

DIM "MIN MAX ~ MIN I MAX 

A 39.37 ~ - I 1.550 

B - 21,08 - 0.830 

C 6.35 7.62 0.2SO' 0.300 

0 0.97 1.09 ~0.038' 0.043 

E 3.43'~- I 0.135 

F 30.15 BSC 1.1B7BSC 

_G 10,92 BSC 0 430 BSC 


K 11,18 12.1 9 0.440 0480 

0 3.81 4.19 0 1 50 0.1651 

« - 26.67 _ 10^ 

U 483 533 0,190 0.210 

V 3.81 4. 19 0.150 0.165 | 

CASE 1-05 TO-3 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min. 

Max. 

Unit 1 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage 
dC =500mAdc, Ib =0) L= lOmH 

VCEO(sus> 

700 


Vdc 

Collector Cutoff Current at Reverse Bias: 

(VcE =1000 V, Ie = 0) 

(VcE =1500 V. Ie = 0) 

•CBO 




Collector-Emitter Cutoff Current 

(VcE = 1500 V, Vbe = -2 V) 

•CEX 


1.0 

mAdc 

Emitter-Base Reverse Voltage 
(Ie =100mA) 

vebo 

5 


V 

Emitter Cutoff Current 
(Veb= 4 V) 



10 

mAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

dc =4.5Adc, VcE 5 V) 

hpE 

3.0 



Collector-Ertfitter Saturation Voltage 
dc =4.5Adc, Ib = 2 A) 



1.0 


Base-Emitter On Voltage 
dc =4.5Adc, VcE = 2 A) 

VBEIon) 




1.3 

Vdc 


SWITCHING CHARACTERISTICS (Resistive Load) 



(Vcc = 100 Vdc. Ic =4.5 A, 

IBI = 1.5A. Ib2 = 1-5 A) 


- 


^s 

Storage Time 

ts 

- 

1.2 


Fall Time 



- 

1.0 



(1) Pulse Test ; Pulse Width = 300 /Lis, Duty Cycle ^ 2®/o. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


NPIM Silicon Power Transistors 

Horizontal Deflection 


. . . Specifically designed for use in large screen 
color deflection circuits. 

• Glass Passivated (Patented Photoglass) 

• Triple Diffused Mesa Technology for Long Term 

Stability 

• Collector-Emitter Voltage — VcE = 1500 Vdc 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 700 Vdc 

• Switching Times with Inductive Loads, 

tf = 0.5 fis (Typ) @ Ic = 4.5 A 

• Optimum Drive Condition Curves 

• Glass Base-Collector Junction 

• TO-218 Package for Low Cost Mounting 

• Available with Internal Flyback Diode, "D" Suffix 



MAXIMUM RATINGS 


BU508 

BU508D 

BU508A 

BU508AD 


POWER TRANSISTORS 
8 AMPERES 
1500 VOLTS 



CASE 340-01 
TO-218 AC 


Rating 

Symbol 

All Parts 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

700 

Vdc 

Collector-Emmiter Voltage 

VCES 

1500 

Vdc 

Emitter Base Voltage 

Veb 

5 

Vdc 

Collector Current — Continuous 

•c 

8 

Adc 

Peak(l) 

•cm 

15 


Base Current — Continuous 

Ib 

4 

Adc 

Peakd) 

IBM 

6 


Total Power Dissipation @ Tc = 25X 

Pd 

125 

Watts 

Derate above 25X 


1 

W/X 

Operating and Storage Temperature Range 

Tj, Tstg 

-65 to +150 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rfljc 

1 

X/W 

Maximum Lead Temperature for Soldering Purposes, 

1/8" from Case for 5 seconds 

Tl 

275 

X 


(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle =« 10%. 
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BU508, BU508D, BU508A, BU508AD 


ELECTRICAL CHARACTERISTICS (Tc = 25° unless otherwise noted) 



OFF CHARACTERISTICS^) 


Collector-Emitter sustaining voltage 
dC = 100 mAdc, Ib = 0) 

VCEO(sus) 

700 

— 

— 

Vdc 

Collector Cutoff Current 
(VcE = 1500 Vdc, Vbe = 0. Tc = 25°C) 

(VcE = 1500 Vdc, Vbe = 0,Tc = 125°C) 

•CES 

1 

- 

- 

0.1 

2 

mAdc 

Emitter Base Leakage BU508, A 

(Veb = 6 V, Ic = 0) BU508D, AD 

•ebo 


— 

10 

300 

mAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
dC = 4.5 Adc, VcE = Vdc) 

hpE 

2.25 

— 

— 

— 

Collector-Emitter Saturation Voltage BU508, D 

dC = 4.5 Adc, Ib = 2 Adc) BU508A. AD 

VCE(sat) 

— 

— 

3 

1 

Vdc 

Base Emitter Saturation Voltage 
dC = 4.5 Adc, Ib = 2 Adc) 

VBE(sat) 

— 

— 

1.3 

Vdc 

Second Breakdown Collector Current with Base 

Forward Biased 

•s/b 

See 

Figure 11 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 0.1 Adc, VcE = 5 Vdc, ftest = 1 MHz) 


— 

7 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) 

Cob 

— 

125 

— 

PF 


SWITCHING CHARACTERISTICS 



(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle ^ 10%. 




• Ferrox cube pot core #4229P-L00-3C8 

• Adjust gap for primary inductance Lp=70 mH (approximately 5 mil spacer) 

• Primary 230T #28 AWG (5 layers) 

• Secondary 15T #22 AWG (1 layer) 

• Secondary leakage inductance should be less than 3 fiH 

• Use 3 mil mylar tape between each winding layer 


3 


Figure 1. Switching Times Test Circuit 
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BU508, BU508D, BU508A, BU508AD 


BASE DRIVE: The Key to Performance 

By now, the concept of controlling the shape of the turn-off 
base current is widely accepted and applied in horizontal de- 
flection design. The problem sterhs from the fact that good sat- 
uration of the output device, prior to turn-off, must be assured. 
This is accomplished by providing more than enough Ibi to 
satisfy the lowest gain output device hpg at the end of scan Icm- 
Worst-case component variations and maximum high voltage 
loading must also be taken into account. 

If the base of the output transistor is driven by a very low 
impedance source, the turn-off base current will reverse very 
quickly as shown in Figure 2. This results in rapid, but only 
partial, collector turn-off, because excess carriers become trap- 
ped in the high resistivity collector and the transistor is still 
conductive. This is a high dissipation mode, since the collector 
voltage is rising very rapidly. The problem is overcome by add- 
ing inductance to the base circuit to slow the base current re- 
versal as shown in Figure 3, thus allowing excess carrier recom- 
bination in the cpilector to occur while the base current is still 
flowing. 

Choosing the right Lb is usually done empirically, since the 
equivalent circuit is complex, and since there are several im- 
portant variables dcM' Ibv hpg at Icm)* 0*^® method is to 
plot fall time as a function of Lb, at the desired conditions, for 


several devices within the hpg spscidcadon. A more informative 
method is to plot power dissipation versus Ibi for a range of 
values of Lb- This kind of analysis shows the parameter which 
really matters is dissipation, whether caused by switching or by 
saturation. The negative slope of these curves at the left (low 
Ibi) is caused by saturation losses. The positive slope portion 
at higher Ibi, and low values of Lb is due to switching losses 
as described above. For very low Lb a very narrow optimum is 
obtained. This occurs when Ibi hpg = IqM' therefore would 
be acceptable only for the "typical" device with constant Iqm* 
As Lb is increased, the curves become broader and flatter above 
the Ibi hpB = Icm point as the turn-off "tails" are brought under 
control. Eventually, If Lb is raised too far, the dissipation all 
across the curve will rise, due to poor initiation of switching 
rather than tailing. Plotting this type of curve family for devices 
of different hpp, essentially moves the curves to the left or right 
according to the relation Ibi hpp = constant. It then becomes 
obvious that, for a specified IqM' Lb can be chosen which 
will give low dissipation over a range of hpp and/or Ibi. The 
only remaining decision is to pick Ibi high enough to accom- 
modate the lowest hpp part specified.’ Neither Lb nor Ibi are 
absolutely critical, and should be selected for the specific re- 
quired condition. Similar curves relating to this discussion can 
be found on Motorola's data sheet for the BU207. 


TEST CIRCUIT WAVEFORMS 



(TIME) (TIME) 

Figure 2. Figure 3. 


TEST CIRCUIT OPTIMIZATION 


The test circuit may be used to evaluate devices in the con- 
ventional manner, i.e., to measure fall time, storage time, and 
saturation voltage. However, this circuit was designed to eval- 
uate devices by a simple criterion, power supply input. Excessive 
power input can be caused by a variety of problems, but it is 
the dissipation in the transistor that is of fundamental impor- 


tance. Once the required transistor operating current is deter- 
mined, fixed circuit values may be selected from the table. Fac- 
tory testing is performed by reading the current meter only, since 
the input power is proportional to current. No adjustment of the 
test apparatus is required. 
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r(t), EFFECTIVE TRANSIENT THERMAL 

IC. COLLECTOR CURRENT (AMPS) RESISTANCE (NORMALIZED) 


BU508, BU508D, BU508A, BU508AD 



t, TIME (ms) 

Figure 10. Thermal Response 



2 5 1 20 50 100 200 500 IK 2K 

COLLECTOR EMITTER VOLTAGE (VOLTS) 


Figure 11. Maximum Forward Biased Safe Operating Area 


CASE 340-01 
TO-218 AC 


STYLE 1: 

PIN 1. BASE 3. EMITTER 

2, COLLECTOR 4. COLLECTOR 



PM 

IMini'M'iild'.Ll 






A 

20.32 

21.08 

0.800 

■nncTi 

B 

15.49 


■ifiilil 

BiTiFT; 

C 

4.19 

Bl[.-ti):a 

itai.idl 

■ilRili 

0 

1.02 

1.65 

0.040 

BiTiTil; 

E 

1.35 

1.65 

0.053 

Bilirai 


5.21 

5.72 

0.205 

BilCT 

H 

2.41 



BilFI; 

J 

■nna 

0.64 

MM 

■im 

k"" 

12.70 

■litLl 

lilrfilil 


L 

15.88 

16.51 

0.625 


n 

12.19 



BiJLIili 


4.04 



fflTT; 


Note (2) Operation in this area limited to Pulse Width < 20 fis, 
Duty Cycle < 0.25, Rbe < 100 ohms 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BU522 

BU522A 

BU522B 


HIGH VOLTAGE SILICON POWER DARLINGTONS 

Power Transistor mainly intended for use as ignition circuit output 


• Specified minimum sustaining voltage: 

VCER(sus) = 350 V (BU522) 

at Ic = 1 A 400 V (BU522A) 

425 V (BU522B) 

• High S.O.A. capability : 

VcE = 350 V (BU522) at Ic = 5 A 
400 V (BU522A, BU522B) 

• Low VcE(sat) “ 2.0 V max. at Ic = 4 A (BU522A, BU522B) 


MAXIMUM RATINGS 


7 AMPERES 

DARLINGTON 
TRIPLE DIFFUSED 
POWER TRANSISTORS 
NPN SILICON 

375, 425, 450 VOLTS 
75 WATTS 



Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


CollectorCurrent - Continuous 



Total Device Dissipation 
@ Tc = 250C 
Derate above 250C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 


Symbol Max. 




NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982, 

2. CONTROLLING DIMENSION; INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


STYLE 1: 

PINT BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 
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BU522, BU522A, BU522B 


ELECTRICAL CHARACTERISTICS (Tc = 25®C unless Otherwise noted) 

I Characteristic I Symbol 1 Miiv I Typ. H Max. I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (See Figure 2) 

0C= 10 A) See Figure 2 BU522 

BU522A 

BU522B 

VCER(sus) 

350 

400 

425 



Vdc 

Collector Cutoff Current 

(Rated RgE = 270 H) 

•CER 



1.0 

mAdc 

Collector Cutoff Current 
(Rated VcBO* 'E = 0) 

•CBO 



1.0 

rnAdc 

Emitter Cutoff Current 
(Veb =5.0Vdc, Ic = 0) 

'ebo 



40 

mAdc 


ON CHARACTERISTIC^ 


DC Current Gain 

dC = 2.5 Adc, VcE = 5 Vdc) 

hpE 

250 




Collector-Emitter Saturation Voltage BU522 

(Iq = 4 Adc, Ib = 80 mAdc) BU522A, BU522B 

VCE(sat) 



2.5 

2 

Vdc 

Base-Emitter Saturation Voltage 
dC = 4 Adc, Ib = 80 mAdc) 

VBE(sat) 



2.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain - Bandwidth Product 

dC = 0.3 mAdc, Vqe = 5.0 Vdc, ftest = 10 MHz) 



7.5 


MHz 

Output Capacitance 1 

(VcB = 10 Vdc, Ie = 0, f =0.1 MHz 

^ob 


150 


pF 





BU522, BU522A, BU522B 


FIGURE 2 - SUSTAINING VOLTAGE TEST VcER IsutI 



to be selected that reaches 3 Adc before switch-off 
Case temperature of the power transistor: Tq — 25®C 



BU522 

BU522A 

BU522B 


^CER (susi' ^®****^'®'^ Emitter yoltagefVolts) 


Test conditions of the Collector-Baee Clamping Circuit : 



Clamping device characteristics: 
350 V (BU522) 


Vz = 


400 V mU522A/B) 


Clamping duration is around 


± 1 % at Iz = 20 mA 

4b Msec (BU522) 
AO^fsec (BU522A/B) 


t 2 to be selected that II reaches 
5 Adc before switch-off 


Case temperature of the power 
transistor: Tc = 25®C. 


FIGURE 3 - S.O.A. TEST 


3-437 





MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 




NPN DARLINGTON POWER TRANSISTORS 

These Darlington transistors are high voltage, high speed devices 
for horizontal deflection circuits in TV's and CRT's. 

• High Voltage: VcEV = 330 or 400 V 

• Fast Switching Speed: 

tc = 1.0 ns (max) 

• Low Saturation Voltage: 

VcE(sat)= 1-5 V(max) 

• Packaged in JEDEC TO-220AB 

• Damper Diode Vp is specified. 

Vp = 2.0 V (max) 


8.0 AMPERE 

DARLINGTON 
NPN POWER 
TRANSISTORS 

60 WATTS 
150 and 200 VOLTS 






Rating 

Symbol 

BU806 

BU807 

Collector-Emitter Voltage 

VCEO 

200 

150 

Collector-Emitter Voltage 

VcEV 

400 

330 

Collector-Base Voltage 

VCBO 

400 

330 

Emitter-Base Voltage 

vebo 

6.0 

Collector Current — Continuous 

'c 

8.0 

— Peak 


15 

Emitter-Collector Diode Current 

If 

10 

Base Current 

'b 

2.0 

Total Device Dissipation, T^ = 25°C 

Pd 

60 

Derate above Tc = 25° C 


0.48 

Operating and Storage Junction 

Tj, 

-65 to 150 

Temperature Range 

^stg 

1 



THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 

Lead Temperature for Soldering Purposes. 
1/8" from Case for 5.0 Seconds 


Symbol 

Max 

PeJC 

2.08 

^dJA 

70 

Tl 

275 
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hpE. DC CURRENT GAIN 


BU806, BU807 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 
Characteristic { Symbol 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
dC = 100 mAdc, Ib = 0) 

Collector Cutoff Current 

(VCE = Rated VcBO» ^BE = 0) 

Collector Cutoff Current 
(VcE = Rated VceV- VBE(off) = 6.0 Vdc) 
Emitter Cutoff Current 
(Veb = 6.0 Vdc, Ic = 0) 

ON CHARACTERISTICS (1) 

Collector-Emitter Saturation Voltage 
dC = 5.0 Adc, Ib = 50 mAdc) 
Base-Emitter Saturation Voltage 
(Ic = 5.0 Adc, Ib = 50 mAdc) 
Emitter-Collector Diode Forward Voltage 
dp = 4.0 Adc) 

SWITCHING CHARACTERISTICS 
Turn-On Time I (Resistive L< 

Storage Time Ic = 5.0 Ac 

Fall Time ‘62 = 


(Resistive Load, Vqc = 100 Vdc, 
Ic = 5.0 Adc, Ibi = 50 mAdc, 
IB2 = 600 mAdc) 


Crossover Time 

(Ic = 5.0 Adc, (bi = 50 mAdc, VBE(off) ~ 4.0 Vdc. 
Vclamp = 200 Vdc, L = 500 ^H) 

(1 ) Pulse Test: Pulse Width ^ 300 /nS, Duty Cycle < 1%, 


VcEO(sus) 

•CES 

•CEV 

•ebo 


■ 

■ 


0.35 

- 

MS 

0.55 

- 

MS 

0.20 

- 

MS 

0.40 

1.0 

MS 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 — SAFE OPERATING AREA (FBSOA) 
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MOTOROLA 

■I SEMICONDUCTOR 

TECHNICAL DATA 


SWITCHMODE 11^ SERIES 
NPN SILICON POWER TRANSISTORS 

The BUS36 and BUS37 transistors are designed for low voltage, 
high speed, power switching in inductive and resistive circuits where 
turn-off times are critical. They are particularly suited for battery- 
operated Switchmode applications and driver applications such as ; 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls ^ 

Fast Turn-Off Times 

60 ns Inductive Fall Time — 25®C (Typ) 

1 10 ns Inductive Crossover Time — 25°C (Typ) 

Operating Temperature Range - 65 to + 175®C 

100®C Performance Specified for : 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents (125°C) 



MAXIMUM RATINGS 


Rating 

Symbol 

BUS36 

BUS37 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

120 

150 

Vdc 

Collector-Emitter Voltage 

VCEV 

250 

300 

Vdc 

Emitter Base Voltage 

Veb 

8 

Vdc 

Collector Current — Continuous 
- Peakd) 

'c 

12 

25 

Adc 

— Overload 

'OL 

40 


Base Current - Continuous 

<b 

■ 


Adc 

- Peakd 1 

•bm 

15 


Total Power Dissipation - Tc = 25®C 

Pb 

107 

Watts 

- Tg = ioo°c 


53 


Derate above 25°C 


0. 

71 

W/°C 

Operating and Storage Junction 

TJ' T^stg 



°C 

Temperature Range 

- 65 to + 175 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

Rgjc 

1.4 

°C/W 

Maximum Lead Temperature 
for Soldering Purposes: 

1/8" from Case for 5 Seconds 

Tl 

275 

°c 


(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle 10%. 


BUS36 

BUS37 


12 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

120 & 150 VOLTS 
107 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers^ Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 





STYU1; 

PIN 1. BASE 
Z COLLECTOR 
REMITTER 
A COLLECTOR 


NOTES: 

1. DIMENSIONING AND TOURANONG PER ANSI 

2. CWmWUJWD^^ 

t DWZ DEFINES A ZONE WHERE Aa BODY AND 
1£A0 IRREGULARITIES ARE AUQWED. 


CASE 221A-04 


TO-220AB 
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BUS36, BUS37 


ELECTRICAL CHARACTERISTICS (Tc = 25^C unless otherwise noted) 


Characteristic 


Symbol 

Min 

T~rT 

Max 1 

Unit 

OFF CHARACTERISTICS ID 


Collector-Emitter Sustaining Voltage (Table D 


VCEOIsus) 




Vdc 

(IC = 50mA, Ib= 0) L = 25mH 

BUS36 


120 

- 



BUS37 


150 

- 

- 


Collector Cutoff Current 


•CEV 




mAdc 

(VcEV = Rated Value, VsEloff) = 1-5 Vdc) 



- 

- 

0.1 


I IVcEV = Rated Value, VsEloff) = 1 -5 Vdc, Tc = 125 C) j 


- 

- 

1.0 


Collector Cutoff Current 

BUS36 : Vce=60 V 

•CEO 



0.05 

mAdc 


BUS37 : VcE = 75 V 




0.05 


Emitter Cutoff Current 


•ebo 





(Veb= 6 Vdc. lc = 0) 







Emitter-base breakdown Voltage 


BVebo 




Vdc 

(lE = 50mA- lc = 0) 



8.0 





SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 


See Figure 12 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 


See Figure 13 



ON CHARACTERISTICS ID 


DC Current Gain 

Uc = 10 Adc, VcE = 2 Vdc) 

(IC=0.5 Amp, Vce -2 V) 

hFE 


- 

- 


Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

Uc = 12 Amp, Ib = 1.2 Amp) 



- 

0.8 


Uc = 12 Amp, Ib = 1.2 Amp, Tc = 100°C) 


IBH 

- 

1.0 


Base-Emitter Saturation Voltage 

VBEIsat) 




Vdc 

Uc = 12 Amp, Ib = 1.2 Amp) 



■ - 

1.8 


Uc = 12 Amp, Ib = 1.2 Amp, Tc = 100°C) 


HEH 


1.8 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

(VcB = 10 Vdc, Ie =0, ftest = 100 khz) 

Cob 

- 

_ 

300 

pF 

Current Gain — Bandwidth Product (2) 

Uc = 1 .0 Adc, VcE = 10 Vdc, ftest = 10 MHz 

It 

30 

- 

- 

MHz 


SWITCHING CHARACTERISTICS 
Resistive Loed ITeble D 


Delay Time 

(VCC = 100 Vdc, IG = 12 A, 

IB1 = 1.2 A. tp = SOfiS, 

Duty Cycle S2%, VBE(off) = 5 V) 

td 

- 

0.07 

0.15 

jUS 

Rise Time 

tr 

■ - ^ 

0.15 

0.3 


Storage Time 

ts 

- 

0.5 

1.0 


Fall Time 


tf 

- 

0.12 

0.25 



inductive Loed, Clemped ITeble D 


Storage Time 

OCIpk) = 12 A, 

IB1 = 1.2 A, 

(Tc = 25^*0 

isv 

- 

0.5 

- 

MS 

Fall Time 

ifi 

- 

0.06 

- 


Storage Time 

VBE(off) = 5 V, 

(Tc = 100^0 

*sv 

- 

0.6 

1.0 


Fall Time 

VCE(cl) = 100 V) 

Di 

- 

0.15 

0.30 



.(1) Pulse Test ; PW = 300 ^is, Duty Cycle ^2%. 
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le. COLLECTOR CURRENT (juA) ‘ VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


BUS36, BUS37 


DC CHARACtERISTICS 



0.3 0.5 0.7 1.0 2 3 5 7 10 20 30 SO 100 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 2 - COLLECTOR SATURATION REGION 
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IB, BASE CURRENT (AMPS) 


FIGURE 3 - COLLECTOR-EMITTER SATURATION VOLTAGE 



2 3 S 7 10 20 30 SO 

Ic, COLLECTOR CURRENT (AMPS) 



0.3 0.5 1 2 3 5 7 10 20 50 70 


Ic, COLLECTOR CURRENT (AMPS) 



-0.2 -0.1 0 +0.1 ^0.2 +0.3 +0.4 +0.5 


VbE, base-emitter voltage (VOLTS) 


FIGURE 6 - CAPACITANCE 



0 2 0.5 1 2 5 10 20 50 100 

Vr, REVERSE VOLTAGE (VOLTS) 
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TEST CIRCUITS VALUES 


BUS36, BUS37 


TABLE 1 - TEST CONDITIONS FOR OVNAMIC PERFORMANCE 

















t.TiME(/uS) t.TIME(MS) 


BUS36, BUS37 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCH MODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv * Voltage Storage Time. 90% Ibi to 10% Vdamp 
trv = Voltage Rise Time, 10-90% Vdamp 
tfj = Current Fall Time. 90-10% Ic 
tti = Current Tail, 10-2% Ic 
tc = Crossover Time, 10% Vdamp to 10% Ic 
An enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PswT = 1/2 Vcclc^lcl^ 

In general, try + tf| t^. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25^C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tjy) which are 
guaranteed at 1 0O^C. 


INDUCTIVE SWITCHING 


FIGURE 9 - STORAGE TIME, Tsv 




5 10 15 20 25 

Bf, FORCED GAIN 



2 3 $ 7 10 20 30 50 

Ic, COLLECTOR CURRENT (AMPS) 

FIGURE 11b - TURN-OFF TIMES vs Ib2/lb1 



1 2 3 4 5 

Ib2/lbi 
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POWER DERATING FACTOR (O/o) IC, COLLECTOR CURRENT (AMPS) 'C. COLLECTOR CURRENT (AMPS) 


BUS36, BUS37 


The Safe Operating Area figures shown in Figures 1 2 and 1 3 are 
specified for these devices under the test conditions shown. 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 



VcE. COLLECTOR EMITTER VOLTAGE (VOLTS) 



0 100 200 300 400 500 


VcE, COLLECTOR EMITTER VOLTAGE (VOLTS) 



4* M na tM 200 

Tc. CASE TEMPERATURE (»C) 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq-Vce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tc * 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tc ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

T*J(pk) be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off. in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by seve I 
means such as active clamping, RC snubbing, load lim 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped condition; so that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 
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r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


BUS36, BUS37 


FIGURE 15 - THERMAL RESPONSE 



OVERLOAD CHARACTERISTICS 


FIGURE 16 - RATED OVERLOAD SAFE OPERATING AREA 
(OLSOA) 



VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


OLSOA 

OLSOA applies when maximum collector current is 
limited and known. A good example is a circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of time, the magnitude of collector current is also 
known. 

Maximum allowable collector-emitter voltage versus 
collector current is plotted for several pulse widths. (Pulse 
width is defined as the time lag between the fault condition 
and the removal of base drive.) Storage time of the tran- 
sistor has been factored into the curve. Therefore, with 
bus voltage and maximum collector current known. 
Figure 16 defines the maximum time which can be allowed 
for fault detection and shutdown of base drive. 

OLSOA is measured in a common-base circuit 
(Figure 17) which allows precise definition of collector- 
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe operating 
area. 


FIGURE 17 - OVERLOAD SOA TEST CIRCUIT 


Notes: 

• VCE = Vcc + VbE 

* Adjust pulsed current source 

for desired Iq, tp 













MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BUS45P 


SWITCHMODE II SERIES 
NPN SILICON POWER TRANSISTORS 

The BUS 45P transistor is designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. It Is 
particularly suited for line-operated switchmode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

1Q0 ns Inductive Fall Time — 25°C (Typ) 

1 50 ns Inductive Crossover Time — 25°C (Typ) 

400 ns Inductive Storage Time — 25°C (Typ) 

Operating Temperature Range -65 to -i-150°C 
100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 




MAXIMUM RATINGS 


Rating 

Symbol 

BUS 45P 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

450 

Vdc 

Collector-Emitter Voltage 

VCEV 

850 

Vdc 

Emitter Base Voltage 

Veb 

6 

Vdc 

Collector Current - Continuous 

•c 

3 

Adc 

- Peakd) 

fCM 

5 


Base Current - Continuous 

>B 

1.5 

Adc 

- Peakd) 

'bm 

3 


Total Power Dissipation - Tq = 25°C 

Pd 


Watts 

- Tc = 100°C 


75 


Derate above 25°C 



W/°C 

Operating and Storage Junction 

^J' ^stg 


°C 

Temperature Range 

- 65 to -1-150 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

R0JC 

1.67 

°C/W 

Maximum Lead Temperature 
for Soldering Purposes; 

1/8" from Case for 5 Seconds 

Tl 

275 

°c 


(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle ^ 10%. 


3 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
75 WATTS 


Designer’s Data for 
"Worst Case" Conditions 

The Designers Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 





STYU1; 

PIN I. BASE 

2 . COLLECTOR 

3. EMITTER 

4. COLUaOR 


NOTES: 

1. DIMENSIONING AND TOURANCING PER ANSI 
Y14.SM, 1982. 

2. CONTROaiNG DIMENSION: INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


CASE 221A-04 
TO-220AB 



3 
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BUS45P 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | ■ Typ [ Max [ Unit j 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage (Table 1) 
dC = 100 mA, IB = 0) 

VCEO(sus) 

450 

_ 


Vdc 

Collector Cutoff Current 

ICEV 




mAdc 

(VCEV = 850 V, VBE(off) =15 Vdc) 


- 

- 

0.5 


(VCEV = 850 V. VBE(off) = 1.5 Vdc, Tc = 100°C) 


- 

- 

2.5 


Collector Cutoff Current 

ICER 

- 

- 

3.0 

mAdc 

(VCE = 850 V, RBE = 50 Q, Tc = 100°C) 






Emitter Cutoff Current 

lEBO 

- 

- 

1.0 

mAdc 

(VeB = 6.0 Vdc, IC = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 

dC = 2 Adc, VCE = 5.0 Vdc) 

hFE 

6 

- 

- 

- 

Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

dC = 2 Adc, IB = 0.5 Adc) 


- 

- 

1.0 


dC = 3 Adc, IB = 0.75 Adc) 


- 

- 

3.0 


dC = 2 Adc, IB = 0.5 Adc, Tc = 100° C) 


- 


2.0 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 2 Adc, IB = 0.5 Adc) 


- 

- 

1.5 


dC = 2 Adc, IB = 0.5 Adc, Tc = 100°C) 


- 

- 

1.5 



3 


SWITCHING CHARACTERISTICS 
Resistive Load (Table 1) 


Delay Time 


td 

- 

0.03 

0.05 

^s 

Rise Tirne 

(VCC = 250 Adc, IC = 2 A, 

IB1 = 0.5 Adc, tp = 30 fjs, 

Duty Cycle ^ 2%, VBE(off) = 5.0 Vdc) 

tr 

- 

0.10 

0.40 


Storage Time 

ts 

- 

0.40 

1.50 


Fall Time 

tf 

- 

0.175 

0.50 



Inductive Load, Clamped (Table 1 ) 


Storage Time 

(IC(pk) = 2 A, 
lB1 = 0.5 Adc, 

VBE(off) = 5.0 Vdc, 
VCE(pk) = 250 V) 

(Tj = 100°C) 

tsv 

- 

0.70 

2.0 

fiS 

Crossover Time 

tc 

- 

0.28 

0.50 

Fall Time 

tfi 

- 

0.15 

0.35 

Storage Time 

(Tj = 25° C) 

tsv 

- 

0.40 

- 

Crossover Time 

tc 

- 

0.15 

- 

Fall Time 

tfi 

- 

0.10 

- 


(1) Pulse Test: PW = 300 /iS, Duty Cycle 2%. 
IB 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BUS46P 


SWITCHMOOE II SERIES 
NPN SILICON POWER TRANSISTORS 

The BUS 46P transistor is designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. It is 
particularly suited for line-operated switchmode applications such as: 

• Switching Regulators W 

• Inverters 5 

• Solenoid and Relay Drivers ^ ►}— O 

• Motor Controls 

• Deflection Circuits O \r — T j 

Fast Turn-Off Times 

100 ns Inductive Fall Time — 25°C (Typ) ^ 

1 50 ns Inductive Crossover Time— 25°C (Typ) ” 

400 ns Inductive Storage Time — 25°C (Typ) 

Operating Temperature Range -65 to -l-150°C 
100°C Performance'Specifled for; 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


5 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
80 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 



THERMAL CHARACTERISTICS 


Characteristic 

1 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

R0JC 

1.56 

°C/W 

Maximum Lead Temperature 
for Soldering Purposes: 

1/8" from Case for 5 Seconds 

Tl 

275 

°c 


CASE 221A-04 
TO-220AB 


(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle ^ 10%. 


3-449 











BUS46P 


ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic | Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS (1 ) 


Collector-Emitter Sustaining Voltage (Table 1) 
dC = 100 mA, IB = 0) 

VCEO(sus) 

450 

_ 

_ 

Vdc 

Collector Cutoff Current 

ICEV 




mAdc 

(VCEV = 850 V, VBE(off) = 1.5 Vdc) 


- 

- 

0.5 


(VCEV = 850 V. VBE(off) = 15 Vdc. Tc = 100°C) 


- 

- 

2.5 


Collector Cutoff Current 

ICER 

- 

- 

3.0 

mAdc 

(VCE = 850 V, RbE = 50 fl, Tc = lOO^C) 






Emitter Cutoff Current 

lEBO 

- 

- 

1.0 

mAdc 

(Veb = 6.0 Vdc, IC = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

IS/b 


See Figure 1 2 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 


See Figure 1 3 



ON CHARACTERISTICS (1 ) 


DC Current Gain 

dC = 3.0 Adc, VCE = 5.0 Vdc) 

hFE 

7.0 

- 

- 

- 

Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

dC = 3.0 Adc, IB = 0.6 Adc) 


- 

- 

1.0 


dC = 5.0 Adc, IB = 1.0 Adc) 


- 

- 

3.0 


dC = 3.0 Adc, IB = 0.6 Adc, Tc = 100°C) 


- 

- 

2.0 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 3.0 Adc, IB = 0.6 Adc) 


- 

- 

1.5 


dC = 3.0 Adc, IB = 0.6 Adc, Tc = 100°C) 


- 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

- 

- 

250 

PF 

(VCB = 10 Vdc. lE = 0, ftest = 100 Khz) 







SWITCHING CHARACTERISTICS 
Resistive Load (Table 1) 


Delay Time 


td 

- 

0.03 

0.05 

MS 

Rise Time 

(VCC = 250 Adc. IC = 3.0 Adc. 

IB1 = 0.4 Adc, tp = 30 /ns, 

Duty Cycle :S2%, VBE(off) = 5.0 Vdc) 

tr 

- 

0.10 

0.40 


Storage Time 

ts 

- 

0.40 

1.50 


Fall Time 

tf 

- 

0.175 

0.50 



Inductive Load, Clamped (Table 1) 


Storage Time 

(IC(pk) = 3.0 A, 

IB1 = 0.4 Adc, 

VBE(off) = 5.0 Vdc, 
VCE(pk) = 250 V) 

(Tj = 100°C) 

tsv 

- 

0.70 

2.0 

MS 

Crossover Time 

tc 

- 

0.28 

0.50 

Fall Time 

tfi 

- 

0.15 

0.30 

Storage Time 

(Tj = 25°C) 

tsv 

- 

0.40 

- 

Crossover Time 

tc 

- 

0.15 

- 

Fall Time 

tfi 

- 

0.10 

- 


(1) Pulse Test: PW = 300 //s, Duty Cycle ^2%. 
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TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 3 - COLLECTOR-EMITTER 
SATURATION VOLTAGE 
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FIGURE 4 - BASE-EMITTER VOLTAGE 
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FIGURE 5 - COLLECTOR CUTOFF REGION 
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FIGURE 6 - CAPACITANCE 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 
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SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fail, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv ~ Voltage Storage Time, 90% Ibi to 10% Vdamp 
tfv = Voltage Rise Time, 10-90% Vdamp 
tfj = Current Fall Time, 90-10% Iq 
tti = Current Tail, 10-2% Iq 
tc = Crossover Time, 10% Vdamp to 10% ^C 
An enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PSWT = 1/2 Vcclc<tc>^ 

In general, tfv + tfj t^.. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25t^C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE” transistor are 
the inductive switching speeds (t^ and tsv) which are 
guaranteed at 1 00*^C. 


INDUCTIVE SWITCHING 



0.5 0.7 1.0 2.0 3.0 5.0 


IC, COLLECTOR CURRENT (AMPS) 


FIGURE 10 - CROSSOVER AND FALL TIMES 



0.5 0.7 1.0 2.0 3.0 

IC. COLLECTOR CURRENT (AMPS) 


5.0 


3 


FIGURE 1 1 ~ THERMAL RESPONSE 
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3 


The Safe Operating Area figures shown in Figures 1 2 and 1 3 are 
specified for these devices nder the test conditions shown. 


FiGURE 12 - MAXiMUM RATED FORWARD BiAS 
SAFE OPERATiNG AREA 



FiGURE 13 - MAXIMUM RATED REVERSE BiAS 
SAFE OPERATING AREA 



100 200 300 400 500 600 700 750 850 

VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq-VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 



Tc, CASE TEMPERATURE (OC) 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


BUS47 

BUS47A 


SWITCHMODE 11^ SERIES 
NPN SILICON POWER TRANSISTORS 

The BUS 47 and BUS 47A transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line-operated switch- 
mode applications such as : 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

60 ns Inductive Fall Time— 25°C (Typ) 

120 ns inductive Crossover Time — 25°C (Typ) 

Operating Temperature Range -65 to +200°C 
100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents (125°C) 



MAXIMUM RATINGS 


Rating 

Symbol 

BUS 47 

BUS 47A 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

450 

450 

Vdc 

Collector-Emitter Voltage 

VCEV 

850 

1000 

Vdc 

Emitter Base Voltage 

Veb 

7 

Vdc 

Collector Current — Continuous 

.'C 

9 

Adc 

— Peak ( 1 ) 

•cm 

18 


— Overload 

'01 

36 


Base Current - Continuous 


> 


Adc 

- Peak(l) 

■bm 

10 


Total Power Dissipation - Tq = 25®C 

Pd 

150 

Watts 

- Tc = lOO^C 


85.5 


Derate above 25°C 


0.86 

W/°C 

Operating and Storage Junction 

TJ' Tstg 



°C 

Temperature Range 


-65 to +200 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

UnK 

Thermal Resistance, 

Junction to Case 

R0JC 

1.17 

°C/W 

Maximum Lead Temperature 
for Soldering Purposes: 

1/8" from Case for 5 Seconds 

Tl 

275 



(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle ^ 10%. 


9 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

400 AND 450 VOLTS (BVCEO) 
150 WATTS 
850 - 1000 V (BVCES) 


Designer's Data for 
"Worst Case" Conditions 

The Designers^ Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 
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2, [T] IS SEATING PLANE AND DATUM. 

3 POSITIONAL TOLERANCE FOR 
MOUNTING hole 0: 

[ ♦ [ rnioo<»>@ 1 T [v0 1 

FOR LEADS 

( » I ».13(0.0I»)@T I V®! 001 


4 DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5. 1973. 



MILLIMETERS 

INCHES 

OIM 

MW 1 MAX 

MW I MAX 

A 

- 1 39.37 

- 1.550 


- , uo» 

- 6.Bi4 


6.J5I 792 

0.250 1 0 306 

TP 

0,97 1 1.09 

0 038 0 043 

t 

1461 179 



30 IS BSC 

11 87 BSC 

~G~ 

10 92 BSC 

0.430 BSC 


S 4S BSC 

0.215 BSC 


IE B9 BSC 

0 665 BSC 

TT 

niBI 1219 

0 440 1 0.4SO 

0 

3.11 4.19 

0 150 0 165 

R 

2S.67 


U 

4«3 5 33 

0.190 0.210 

V 

3 91 1 4 19 

0 l50| 0165 


CASE 1-05 TO-3 TYPE 


3 
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BUS47, BUS47A 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 1 ) 

(IC = 200mA,lB=0)L = 26mH 

VcEO(sus) 

400 

450 

- 

_ 

Vdc 

Collector Cutoff Current 
(VcEV = Rated Value, VsEloff) =1-5 Vdc) 

(VcEV = Rated Value, VsEloff) = 1 -5 Vdc, Tc = 125°C) 

ICEV 

- 

- 

0.15 

1.5 

mAdc 

Collector Cutoff Current _ okV 

(VcE = Rated Vcev,RbE = 10 j^"^ 25 °C 

•CER 


- 

0.4 

3.0 

mAdc 

Emitter Cutoff Current 
(Veb =5 Vdc, Ic =0) 

«EBO 

_ 

_ 

0.1 

mAdc 

Emitter-base breakdown Voltage 
(Ie=50 mA- Ic = 0) 

bvebo 

7.0 

_ 

_ 

Vdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

'S/b 

See Figure 12 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 13 



ON CHARACTERISTICS (1) 


DC Current Gain 
( Ic = 6 Adc, Vce = 5 Vdc) 

(IC=5 Adc, Vce=5 V) 

BUS47 

BUS47A 

hFE 

7 

- 

, - 


Collector-Emitter Saturation Voltage 


Vce (sat) 




Vdc 

(IC = 6Adc, Ib = 1.2 Adc) 



— 

— 

1.5 


(IC=9 Adc. Ib = 1.8 Adc) 

BUS47 


— 

— 

5.0 


(IC = 6 Adc, Ib- 1.2 Adc, Tc = 100°C) 



- 

- 

2.5 


(IC = 5 Adc, Ib = 1 Adc) 



_ 

- 

1.5 


(IC=8 Adc, Ib = 1.6 Adc) 

BUS47A 


— 

— 

5.0 


(IC = 5 Adc, Ib = 1 Adc.Tc = 100°C) 



- 

- 

2.5 


Base-Emitter Saturation Voltage 


VBE(sat) 




Vdc 

(IC = 6 Adc, Ib=^ 1-2 Adc) 

BUS47 


- 

- 

1.6 


{IC = 6 Adc, Ib = 1-2 Adc. Tc = l00°C) 



— 

— 

1.6 


(IC = 5 Adc. 1 b = 1 Adc) 

BUS47A 


- 

- 

1.6 


(IC = 5Adc. Ib = 1 Adc,Tc = 100°C) 



- 

- 

1.6 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 




pF 

(VcB = 10 Vdc, Ie =0. ftest = 100 Khz) 


- 

- 

300 



SWITCHING CHARACTERISTICS 
Resistive Load (Table 1) 


Delay Time 

(Vce = 250 Vdc. Ic=6 A. 

IBI =1 2 A, tp = 30/is. 

Duty Cycle 2 , VBE(off) =5 V) 

td 

_ 

0.05 

0.2 

MS 

Rise Time 

tr 

— 

0.5 

0.8 


Storage Time 

ts 

- 

1 

2.0 


Fall Time 

tf 

- 

0.2 

0.4 



Inductive Load, Clamped (Table 1) 


Storage Time 

<IC(pk)=6A, 

IB1=1.2A, 

VBE(off) =5 V, 

VcE(c1)=250V) 

‘C(pk)=5A BUS47A 

Ibi=1A 

(Tc=25°C) 

tsv 

- 

0.9 

- 

MS 

Fall Time 

tfi 

- 

0.06 

- 


Storage Time 

{Tc = 100°C) 

tsv 

- , 

1.0 

2.5 


Crossover Time 

tc 

- 

0.2 

0.5 


Fall Time 

tfi 

- 

0.1 

0.3 



II ) Pulse Test: PW = 300 /us, Duty Cycle 2%. 
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SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% V^amp 
trv = Voltage Rise Time, 10-90% Vdamp 
tfi = Current Fall Time, 90-10% Iq 
tti = Current Tail, 10-2% Iq 
tc = Crossover Time. 10% V^iamp to 10% Iq 
A n enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN'222: 

PswT'l/ZVcc'dtcK 

In general, trv + tfj ^ t^. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t^ and tjy) which are 
guaranteed at 1 00®C. 


INDUCTIVE SWITCHING 



1.5 2 3 5 7 10 12 15 20 30 50 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 10 - CROSSOVER AND FALL TIMES 



1 2 3 5 7 10 20 30 50 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 11a - TURN-OFF TIMES vs FORCED GAIN 


FIGURE 11b - TURN-OFF TIMES vs Ib 2 /lbl 
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BUS47, BUS47A 


The Safe Operating Area figures shown in Figures 1 2 and 1 3 are 
specified for these devices under the test conditions shown. 

FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 



SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor; average junction temperature and second 
breakdown. Safe operating area curves indicate Iq-VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Jq = 25®C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tc> 25®C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

Tj(pk) be calculated from the data In Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


FIGURE 13 - REVERSE BIAS SAFE OPERATING AREA 



FIGURE 14 - POWER DERATING 



REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 
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BUS47, BUS47A 


FIGURE 16 -THERMAL RESPONSE 



overl6ad characteristics 


FIGURE 16 - RATED OVERLOAD SAFE OPERATING AREA 
(OLSOA) 
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OLSOA 

OLSOA applies when maximum collector current is 
limited and known. A good example is a circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of time, the magnitude of collector current is also 
known. 

Maximum allowable collector-emitter voltage versus 
collector current is plotted for several pulse widths. (Pulse 
width isdefined as the time lag between the fault condition 
and the removal of base drive.) Storage time of the tran- 
sistor has been factored into the curve. Therefore, with 
bus voltage and maximum collector current known. 
Figure 16 defines the maximum time which can be allowed 
for fault detection and shutdown of base drive. 

OLSOA is measured in a common-base circuit 
(Figure 17) which allows precise definition of collector- 
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe operating 
area. 


FIGl/RE 17 -- OVERLOAD SOA TEST CIRCUIT 


Notes: 

• VcE = Vcc + Vbe 

• Adjust pulsed current source 

for desired 1^, tp 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


SWITCHMODE 11^ SERIES 
NPN SILICON POWER TRANSISTORS 

The BUS 47P/BUS 47AP transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line-operated switch- 
mode applications such as: 

• Switching Regulators 3 

• Inverters 

• Solenoid and Relay Drivers f ^ 

• Motor Controls f 

O I 

• Deflection Circuits V 

Fast Turn-Off Times 

60 ns Inductive Fall Time— 25°C (Typ) — 

120 ns Inductive Crossover Time — 25°C (Typ) 

Operating Temperature Range -65 to + 175°C 
100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching! Times with Inductive Loads 
Saturation Voltages 
Leakage Currents (125 °(i) 



MAXIMUM RATINGS 


Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter Base Voltage 

Collector Current — Continuous 
— Peak (1) 

— Overload 

Base Current - Continuous 
- Peakll) 

Total Power Dissipation - Tq = 25^0 
- Tc = 100°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol BUS47P BUS47AP 

VCEO(sus) 400 450 

VcEV 850 1000 

Veb 7 



Characteristic 

Symbol 

Max 

Unit 

1 

Thermal Resistance, 

Junction to Case 

80 JC 

1.17 

°C/W 

1 

Maximum Lead Temperature 
for Soldering Purposes: 

1/8" from Case for 5 Seconds 

Tl 

275 

°C 




3-462 











BUS47P, BUS47AP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 1 ) 

(IC = 200mA,lB=0) L = 25mH BUS47AP 

VCEO(sus) 

400 

450 

- 

- 

Vdc 

Collector Cutoff Current 
(VcEV = Rated Value, VBE(off) = 1 -5 Vdc) 

<VcEV = Rated Value, VBE(off) = 1 -5 Vdc, Tc = 125°C) 

•CEV 

- 

- 

0.15 

1.5 

mAdc 

Collector Cutoff Current _ 

(VcE = Rated VceV.RbE = 10 -p^“^25°c 

•CER 



0.4 

3.0 

mAdc 

Emitter Cutoff Current 
(Veb =5 Vdc, lc = 0) 

•ebo 

_ 

_ 

0.1 

mAdc 

Emitter-base breakdown Voltage 
(lE=50mA - lc=0) 

SVEBO 

7.0 

- 

- 

Vdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 

See Figure 12 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 13 



ON CHARACTERISTICS (1) 


DC Current Gain 
(lc = 6 Adc, VcE = 5 Vdc) 

(IC = 5 Adc. Vce=5 V) 

BUS47P 

BUS47AP 

hFE 

7 

- 

- 


Collector-Emitter Saturation Voltage 


VcE(sat) 




Vdc 

(IC = 6 Adc, Ib = 1.2 Adc) 



— 

— 

1.5 


{IC=9Adc. Ib = 1-8 Adc) 

BUS47P 


— 

— 

5.0 


(IC=6 Adc, Ib = 1-2 Adc, Tc = 100°C) 



- 

- 

2.5 


(IC = 5 Adc. Ib = 1 Adc) 



- 

_ 

1.5 


dC =8 Adc, Ib = 1-6 Adc) 

BUS47AP 


— 

— 

5.0 


(IC = 5 Adc. Ib = 1 Adc,Tc = 100°C) 



- 


2.5 


Base-Emitter Saturation Voltage 


VBE(sat) 




Vdc 

(IC=6 Adc, Ib = 1-2 Adc) 

BUS47P 


- 

- 

1.6 


(IC = 6 Adc. Ib=» 1.2 Adc, Tc = 100°C) 



- 

- 

1.6 


(IC = 5 Adc, Ib = 1 Adc) 

BUS47AP 


- ' 

1 

1.6 


(IC = 5 Adc, Ib = 1 Adc.Tc = 100°C) 



— 

- 

1.6 


DYNAMIC CHARACTERISTICS 



Output Capacitance 





oriA 

pF 

(VcB = 10 Vdc, lE =0, ftest = 100 Khz) 





Jkjxj 



SWITCHING CHARACTERISTICS 
Resistive Load (Table 1 ) 


Delay Time 

(Vcc = 250 Vdc, lc=6 A. 
iBt =1.2 A, tp = 30MS, 

Duty Cycle ^2%.VBE(off) =5 V) 

td 

_ 

0.05 

0.2 

MS 

Rise Time 

tr 

- 

0.5 

0.8 

Storage Time 

ts 

- 

1 

2.0 

Fall Time 

tf 

- 

0.2 

0.4 

Inductive Load, Clamped (Table 1) 



Storage Time 

hc(pk) 6 A, BUS47P 

IB1=1.2A. BU547P 

VBE(off) =5 V, 

VcE(c1)=250V) 

BUS47AP 

(Tc=25°C) 

tsv 

- 

0.9 

- 

MS 

Fall Time 

ifi 

- 

0.06 

- 

Storage Time 

(Tc = 100°C) 

tsv 

- 

1.0 

2.5 

Crossover Time 

'c 

- 

0.2 

0.5 

Fall Time 

tfi 

- 

0.1 

0.3 


(1) Pulse Test: PW = 300 fjs. Duty Cycle ^2%. 
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BUS47P, BUS47AP 


DC CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 3 - COLLECTOR-EMITTER SATURATION VOLTAGE 
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FIGURE 4 - BASE-EMITTER VOLTAGE 
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FIGURE 5 - COLLECTOR CUTOFF REGION 
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FIGURE 6 - CAPACITANCE 
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Vbe. base emitter voltage (VOLTS) 


Vr, reverse voltage (VOLTS) 
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BUS47P, BUS47AP 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fail, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv “ Voltage Storage Time, 90% Ibi to 10% Vdamp 
tfv == Voltage Rise Time, 10-90% Vdamp 
tfj = Current Fall Time, 90-10% Iq 
tti = Current Tail, 10-2% Ic 
tc = Crossover Time, 10% Vdamp lo 10% IC 
An enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PSWT= 1/2 Vcclc<^c>^ 

In general, try + tfj =* tg. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25^C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tsy) which are 
guaranteed at 1 00®C. 


INDUCTIVE SWITCHING 

FIGURE 9 - STORAGE TIME FIGURE 10 - CROSSOVER AND FALL TIMES 



1.5 2 3 5 7 10 12 15 20 30 50 

Ic, COLLECTOR CURRENT (AMPS) 

FIGURE 11a - TURN OFF TIMES vs FORCED GAIN 
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Ic, COLLECTOR CURRENT (AMPS) 

FIGURE 11b - TURN-OFF TIMES vs Ib2/lbl 
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Ir.. COLLECTOR CURRENT (AMPS) 


BUS47P, BUS47AP 


The Safe Operating Area figures shown in Figures 1 2 and 1 3 are 
specified for these devices under the test conditions shown. 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 



VcE, COLLECTOR EMITTER VOLTAGE (VOLTS) 

FIGURE 13 - REVERSE BIAS SAFE OPERATING AREA 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic~Vce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25®C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown lirrvitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

Tjlpk) niay be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 
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REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 
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BUS47P, BUS47AP 


FIGURE IS - THERMAL RESPONSE 



OVERLOAD CHARACTERtSTICS 


FIGURE 16 - RATED OVERLOAD SAFE OPERATING AREA 


(OLSOA) 
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OLSOA 

OLSOA applies when maximum collector current is 
limited and known. A good example is a circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of time, the magnitude of collector current Is also 
known. 

Maximum allowable collector-emitter voltage versus 
collector current is plotted for several pulse widths. (Pulse 
width is defined as the time lag between thefaultcondition 
and the removal of base drive.) Storage time of the tran- 
sistor has been factored into the curve. Therefore, with 
bus voltage and maximum collector current known. 
Figure 1 6 defines the maximum time which can be allowed 
for fault detection and shutdown of base drive. 

OLSOA is measured in a common-base circuit 
(Figure 17) which allows precise definition of collector- 
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe operating 
area. 


FIGURE 17 - OVERLOAD SOA TEST CIRCUIT 


Notes: 

• VcE =VcC + Vbe 

* Adjust pulsed current source 

for desired Iq, tp 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BUS48 

BUS48A 


SWITCHMODE 11^ SERIES 
NPN SILICON POWER TRANSISTORS 

The BUS 48 and BUS 48A transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time Is critical. They are particularly suited for line-operated switch- 
mode applications such as ; 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls ^ 

• Deflection Circuits 
Fast Turn-Off Times 

60 ns Inductive Fall Time— 25°C (Typ) 

120 ns Inductive Crossover Time — 25°C (Typ) 

Operating Temperature Range -65 to -i-200°C 
1 00°C Performance Specified for : 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents (125°C) 



15 AMPERES 
NPN SILICON 
POWER TRANSISTORS 

400 and 450 VOLTS (BVCEO) 
850 - 1000 VOLTS (BVCES) 
175 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers^ Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 



MAXIMUM RATINGS 


Rating 

Symbol 

BUS 48 

BUS 48A 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

400 

450 

Vdc 

Collector-Emitter Voltage 

VCEV 

850 

1000 

Vdc 

Emitter Base Voltage 

Veb 

7 

Vdc 

Collector Current — Continuous 

•c 

15 

Adc 

- Peakd) 

'cm 

30 


— Overload 

'OL 

60 


Base Current - Continuous 

•b 



Adc 

- Peakd) 

'bm 

20 


Total Power Dissipation - T^ = 25°C 

Pd 

175 

Watts 

- Tc = 100°C 


100 


Derate above 25°C 


1 

0 

W/°C 

Operating and Storage Junction 

TJ' ^stg 



°C 

Temperature Range 


-65 to -H200 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

Rgjc 

1.0 

°C/W 

Maximum Lead Temperature 
for Soldering Purposes: 

1/8" from Case for 5 Seconds 

\ 

275 

«c 


(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle S 10%. 



NOTES 

1 DIMENSIONS Q AND V ARE DATUMS 

2 m IS SEATING PLANE AND DATUM 

3 positional TOLERANCE FOR 
MOUNTING HOLEO 

I ♦ I >13(OOOS)© 1 T [V^ 

FOR LEADS 

f ♦ I »I3(O.O(»I0T I v@| 001 

4 DIMENSIONS AND TOLERANCES PER 
ANSI Y 14 S. 1973 



millimeters 

INCHES 

DIM 

MIN 1 MAX 

MIN 1 MAX 


- 1 39,37 

- 1 I.S50 

■ 

- 1 2108 


C 

$.3S 7.62 

0.250 1 0,300 

D 

0.971 1.09 

0.038 1 0.043 

E 

I40l 1.78 

6.6Ul y^o' 

F 

30 IS BSC 

1 U7 BSC 

G 

1092 BSC 

0.430 BSC 

H 

S 48 BSC 

0 2)5 BSC 

J 

18 89 BSC 

0 885 BSC 


ni8l 12 19 

0 440| 0.4B0 

"0" 

3 91 4.19 

0 1 50 0 185 

R 


1 QSO 

u 


0 190 0 210 



0 1501 0 185 


CASE 1-05 TO-3 
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BUS48, BUS48A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 1) ducaq 

(IC = 200mA,lB=0)L = 25mH 

VCEO(sus) 

400 

450 


_ 

Vdc 

Collector Cutoff Current 
(VcEV = Rated Value, VgEloff) = ^ Vdc) 

(VcEV = Rated Value. VsEloff) =1-5 Vdc, Tc = 125^0 

•CEV 

- 

■ 

0.2 

2.0 

mAdc 

Collector Cutoff Current 

(VCE = Rated VCEV, RbE = 10 nl Tc = 12^C 

•CER 



0.5 

3.0 

mAdc 

Emitter Cutoff Current 
(Veb= 5 Vdc. lc = 0) 

•ebo 

_ 

_ 

0.1 

mAdc 

Emitter-base breakdown Voltage 
(lE=50mA - lc=0) 

Bvebo 

7.0 

_ 

_ 

Vdc 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

Clamped Inductive SO A with Base Reverse Biased 

•s/b 

rbsoa 

See Figure 12 

See Figure 13 



ON CHARACTERISTICS (1) 


DC Current Gain 


^'FE 





(IC = 10 Adc, Vce= 5 Vdc) 

BUS48 

8 




(IC= 8Adc, Vge=5V) 

BUS48A 





Collector-Emitter Saturation Voltage 


VcE(sat) 




Vdc 

(IC = 10 Adc, Ib= 2 Adc) 


— 

— 

1.5 


(IC = 15 Adc, lB=3 Adc) 

BUS48 


— 

- 

5.0 


(IC = 10 Adc. Ib= 2 Adc,Tc = l00°C) 



- 

- 

2.0 


(IC= 8 Adc, Ib = 1.6 Adc) 



- 

_ 

1.5 


(IC = 12 Adc, lB=2.4Adc) 

BUS48A 


- 

— 

5.0 


(IC= 8 Adc. IB = 1.6 Adc,Tc = 100°C) 



- 

- 

2.0 


Base-Emitter Saturation Voltage 


VBE(sat) 




Vdc 

(IC = 10 Adc. Ib= 2 Adc) 

dC = 10 Adc, Ib = 2 Adc. Tq = 100°C) 

BUS48 

_ 

_ 

1.6 

1.6 


(IC= 8 Adc. Ib= 1.6 Adc) 

(IC= 8 Adc, Ib =1.6 Adc.Tc = 100°C) 

BUS48A 


_ 

_ 

1.6 

1.6 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Oob 




pF 

(VcB = 10 Vdc. lE =0, ftest = 100 Khz) 

- 

- 

350 



SWITCHING CHARACTERISTICS 
Resistive Load (Table 1) 


Delay Time 

(Vcc = 250 Vdc. Ic = l0 A. 
iBi =2.0 A.tp=30MS, 

Duty Cycle < 2°/© , VBE(off) =5 V) 

td 

_ 

0.1 

0.2 

MS 

Rise Time 

tr 

- 

0.4 

0.7 


Storage Time 

ts 

_ 

1.3 

2.0 


Fall Time 

tf 

- 

0.2 

0.4 



Inductive Load, Clamped (Table 1) 


Storage Time 

0c(pk)=10A, 

Ibi =2.0 A, 

VBE(off) =5 V. 

VcE|c1)=250V) 

^ 1 

(Tc = 25°C) 

tsv 

_ 

1.3 

_ 

MS 

Fall Time 

tfi 

- 

0.06 

- 


Storage Time 

(Tc = 100°C) 

tsv 

- 

1.5 

2.5 


Crossover Time 

tc 

_ 

0.3 

0.6 


Fall Time 

tfi 

- 

0.17 

0.35 



(1) Pulse Test: PW = 300 |is. Duty Cycle S 2%. 
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BUS48, BUS48A 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VCEO(sus) 


Z 

HO 


20 



PW Varied to Attain 
IC “ 100 mA 


RBSOA AND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 



driver at the input to 


H (fl 

5 “ 

£< 

o> 


•-coil “ ®0 ^CC ~ 

Bcoil= 0 7n 


10 V 


INDUCTIVE TEST CIRCUIT 


l-coil " 180 mm 
^ coil ■ 0 05 O 
Vcc = 20 V 


'^clamp " 250 V 

Rg adiutted to attain detired I 


OUTPUT WAVEFORMS 


the retittive tett circuit. 


Vqq = 250 V 
Rl= 8311 

Pulse Width = 10*is 


RESISTIVE TEST CIRCUIT 



t^ Adjusted to 
Obtain Ic 

1-coil 

LcoilfCpK' 

*2 * 

''clamp 

Tett Equipment 
Scope - Tektronix 
475 or Equivalent 



FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 
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FIGURE 8 - PEAK-REVERSE CURRENT 
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BUS48, BUS48A 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise. fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMOOE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% Vciamp 
trv = Voltage Rise Time. 10-90% Vdamp 
tfj = Current Fall Time, 90-10% Iq 
tti = Current Tail. 10-2% Ic 
tc = Crossover Time. 10% Vds^ip to 10% Iq 
A n enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PSWT' ’/2 Vcclc(tel* 

In general, try tfj =* tg. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25^C and has become a berKh- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMOOE" transistor are 
the inductive switching speeds (tp and t$v) which are 
guaranteed at lOO^C. 


INDUCTIVE SWITCHING 



I 2 3 5 7 10 20 30 50 

IC. COLLECTOR CURRENT (AMPS) 

FIGURE 11a - TURN-OFF TIMES vs FORCED GAIN 



FIGURE 10 - CROSSOVER AND FALL TIMES 



FIGURE 11b - TURN-OFF TIMES vs Ib2/lbl 



0123456789 to 

Ib2/lbi 
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BUS48, BUS48A 


The Safe Operating Area figures shown in Figures 1 2 and 1 3 are 
specified for these devices under the test conditions shown. 

FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 




0 200 400 600 800 1000 

VcE. COLLECTOR EMITTER VOLTAGE (VOLTS) 



Tc. CASE TEMPERATURE (OC) 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IQ'Vce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when 25®C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14, 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off. In 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 
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BUS48, BUS48A 


FIGURE 15 - THERMAL RESPONSE 



OVERLOAD CHARACTERISTICS 

figure 16 - RATED OVERLOAD SAFE OPERATING AREA 
(OLSOA) 
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OLSOA 

OLSOA applies when maximum collector current is 
limited and known. A good example is a circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of time, the magnitude of collector current is also 
known. 

Maximum allowable collector-emitter voltage versus 
collector current is plotted for several pulse widths. (Pulse 
width is defined as the time lag between thefault condition 
and the removal of base drive.) Storage time of the tran- 
sistor has been factored into the curve. Therefore, with 
bus voltage and maximum collector current known. 
Figure 1 6 defines the maximum time which can be allowed 
for fault detection and shutdown of base drive. 

OLSOA is measured in a common-base circuit 
(Figure 18) which allows precise definition of collector- 
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe operating 
area. 


FIGURE 18 - OVERLOAD SOA TEST CIRCUIT 


Notes: 

• VcE = VcC + Vbe 

• Adjust pulsed current source 

for desired Iq, tp 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BUS48P 

BUS48AP 



SWITCHMODE 11^ SERIES 
NPN SILICON POWER TRANSISTORS 

The BUS 48 P/BUS 48AP transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fail 
time is critical. They are particularly suited for line-operated switch- 
mode applications such as : 

• Switching Regulators < 

• Inverters ? ^ ^ 

• Solenoid and Relay Drivers T ^ 

• Motor Controls _ f 

O -t — I 1 

• Deflection Circuits V 

Fast Turn-Off Times 

60 ns Inductive Fall Time— 25°C (Typ) ~ 

120 ns Inductive Crossover Time— 25®C (Typ) 

Operating Temperature Range -65 to + 17S°C 
1 00®C Performance Specified for : 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents d25°C) 



MAXIMUM RATINGS 


Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter Base Voltage 

Collector Current - Continuous 
Peakd) 

— Overload ' 

Base Current - Continuous 
- PeakO) 

Total Power Dissipation - Tq = 25®C 
- Tc = 100°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol BUS48P BUS48AP 

VCEO(sus) ^00 450 

VcEV 850 1000 

Veb 7 



Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Rqjc 

1.0 

°C/W 

Junction to Case 



Maximum Lead Temperature 

Tl 

275 

^C 


15 AMPERES 

NPN SI LICON 
POWER TRANSISTORS 

400 and 450 VOLTS (BVCEO) 
850 - 1000 VOLTS (BVCES) 
150 WATTS 



for Soldering Purposes: 

1/8” from Case for 5 Seconds 
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BUS48P, BUS48AP 


ELECTRICAL CHARACTERISTICS (Tc = 25^*0 unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 1 ) 

{IC = 200mA,lB=0)L=25n.H BUS^AP 

VcEO(sus) 

400 

450 

- 

- 

Vdc 

Collector Cutoff Current 
(VcEV = Hated Value, VBE(Qff) =1.5 Vdc) 

<VCEV = Hated Value, VBE(off) = 1 -5 Vdc, Tc = 125°C) 

•CEV 

- 

- 

0.2 

2.0 

mAdc 

Collector Cutoff Current _ o_ 

(VcE = Hated VcEV HBE = 10r2) C— oC 

Tc = 125°C 

•CER 

- 

- 

0.5 

3.0 

mAdc 

Emitter Cutoff Current 
(Veb= 5 Vdc, lc=0) 

•ebo 


_ 

0.1 

mAdc 

Emitter-base breakdown Voltage 
(lE=50mA-lc=0) 

bvebo 

7.0 

_ 

_ 

Vdc 

SECOND BREAKDOWN 



Second Breakdown O>llector Current with Base Forward Biased 

•s/b 

See Figure 12 


Clamped Inductive SO A with Base Reverse Biased 

RBSOA 

See Figure 13 



ON CHARACTERISTICS (1) 


DC Current Gain 


hpE 





(IC = 10 Adc, Vce= 5 Vdc) 

BUS48 

8 




(IC= BAdc, Vce=5V) 

BUS48A 





Collector-Emitter Saturation Voltage 


VGE(sat) 




Vdc 

(IC = 10 Adc. Ib= 2 Adc) 


- 

- 

1.5 


(IC = 15 Adc, lB=3Adc) 

BUS48P 


— 

- 

5.0 


(IC = 10 Adc. Ib= 2 Adc, Tc = 100°C) 



- 

- 

2.0 


(lc= 8 Adc, Ib = 1.6 Adc) 



_ 

- 

1.5 


(1^ = 12 Adc. Ib= 2.4 Adc) 

BUS48AP 


— 

— 

5.0 


(IC= 8 Adc. Ib = 1.6 Adc. Tc = 100®C) 



- 

- 

2.0 


Base-Emitter Saturation Voltage 


VBE(sat) 




Vdc 

(IC = 10 Adc, Ib= 2 Adc) 
dC = 10 Adc, Ib =2 Adc, Tq = 100°C) 

BUS48P 

_ 

_ 

1.6 

1.6 


(IC= 8 Adc. Ib = 1.6 Adc) 

BUS48AP 


- 

- 

1.6 


(IC= 8 Adc. Ib =1.6 Adc,Tc = 100°C) 


- 

- 

1.6 


DYNAMIC CHARACTERISTICS 

Output Capacitance 


Cob 




pF 

(VcB = 10 Vdc, lE = 0. ftest = 100 Khz) 



- 

- 

350 



SWITCHING CHARACTERISTICS 
Resistive Load (Table 1) 


Delay Time 

(Vcc=250 Vdc. Ic = l0 A. 

Ibi =2.0 A, tp = 30 MS, 

Duty Cycle 2 . VBE(off) =5 V) 

Id 

_ 

0.1 

0.2 

Ps 

Rise Time 

tr 

- 

0.4 

0.7 


Storage Time 

ts 

- 

1.3 

2.0 


Fall Time 


tf 

- 

0.2 

0.4 



Inductive Load, Clamped (Table 1) 


Storage Time 

(•C(pk) = 10A. 

Ibi =2.0 a, 

VBE(off) =5 V. 

VcEIc1)=250V) 

(Tc = 25®C) 

tsv 

- 

1.3 

- 

/is 

Fall Time 

tfi 

_ 

0.06 

- 


Storage Time 

(Tc = 100°C) 

tsv 

_ 

1.5 

2.5 


Crossover Time 

tc 

- 

0.3 

0.6 


Fall Time 

tfi 

- 

0.17 

0.35 



(1) Pulse Test; PW = 300 //s, Duty Cycle ^ 2%. 
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VcE. COLLECTOR EMITTER VOLTAGE (VOLTS) HpE. DC CURRENT GAIN 


BUS48P, BUS48AP 


DC CHARACTERISTICS 



1 2 3 5 8 10 20 30 50 


Iq. collector current (AMPS) 


FIGURE 2 - COLLECTOR SATURATION REGION 



0.1 0.3 0.5 1 2 3 


Ib. base current (AMPS) 


MGURE 3 - COLLECTOR-EMITTER SATURATION VOLTAGE 




0.1 0.3 1 3 10 

Iq, collector CURRENT (AMPS) 


FIGURE 5 - COLLECTOR CUTOFF REGION 


FIGURE 6 - CAPACITANCE 








BUS48P, BUS48AP 




















t,TIME(#£) 


BUS48P, BUS48AP 


SWITCHING TIMES NOTE 


Irr resistive switching circuits, rise/ fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% Vclamp 
trv = Voltage Rise Time, 10-90% Vdamp 
tfi = Current Fall Time, 90 — 10% Iq 
tti = Current Tall, 10-2% Ic 
tc = Crossover Time, 10% Vdamp to 10% Ic 
An enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

**SWT 1/2 VQQlQ(tc)f 

In general, try + tfi =* t^.. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25^C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tsy) which are 
guaranteed at 1 00°C. 


INDUCTIVE SWITCHING 


FIGURE 9 - STORAGE TIME. Tsv 



1 2 3 5 7 10 20 30 50 

Ic, COLLECTOR CURRENT (AMPS) 


FIGURE 11a- TURN-OFF TIMES vs FORCED GAIN 



012 345 6789 10 

Bf, FORCED GAIN 


FIGURE 10 - CROSSOVER AND FALL TIMES 



FIGURE 11b - TURN-OFF TIMES vs Ib 2 /lb| 
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Ic, COLLECTOR CURRENT (AMPS) IC, COLLECTOR CURRENT (AMPS) 


BUS^SP, BUS48AP 


The Safe Operating Area figures shown in Figures 1 2 and 1 3 are 
specified for these devices under the test conditions shown. 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 



SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate iC'^CE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tc = 25®C; Tj(p|() 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


FIGURE 13 ~ REVERSE BIAS SAFE OPERATING AREA 



0 200 400 600 800 1000 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 14 - POWER DERATING 



REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 
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BUS48P, BUS48AP 


FIGURE 16 - THERMAL RESPONSE 



2.0 5.0 

t,TiME (mt) 


OVERLOAD CHARACTERISTICS 


FIGURE 16 - RATED OVERLOAD SAFE OPERATING AREA 
(OLSOA) 





































BU& 

48AP 














tp = 

'l0|<s 



BUS 

48P 












































0 100 200 300 400 450 500 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS 



0 2 4 6 8 10 

dV/dt (KV/uS) 


OLSOA 

OLSOA applies when maximum collector current is 
limited and known. A good example is a circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of time, the magnitude of collector current is also 
known. 

Maximum allowable collector-emitter voltage versus 
collector current is plotted for several pulse widths. (Pulse 
width isdefined as the time lag between the fault condition 
and the removal of base drive.) Storage time of the tran- 
sistor has been factored into the curve. Therefore, with 
bus voltage and maximum collector current known. 
Figure 1 6 defines the maximum time which can be allowed 
for fault detection and shutdown of base drive. 

OLSOA is measured in a common-base circuit 
(Figure 18) which allows precise definition of collector- 
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe operating 
area. 


FIGURE 18 - OVERLOAD SOA TEST CIRCUIT 


Notes: 

• Vce = VcC-I-Vbe 

• Adjust pulsed current source 

for desired I c, tp 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


BUS50 


ADVANCED INFORMATION 

SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The BUS50 transistor is designed for low voltage, high-speed, power 
switching In inductive circuits where fall time Is critical. It Is particularly 
suited for battery switchmode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls O 

Fast Turn-Off Times 

300 ns Inductive Fall Time -25°C (Typ) 

Operating Temperature Range -65 to -t-200°C 
100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents (125°C) 



MAXIMUM RATINGS 


Rating 

Symbol 

BUS50 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

125 

Vdc 

Collector-Emitter Voltage 

VcEV 

200 

Vdc 

Emitter Base Voltage 

Veb 

7 

Vdc 

Collector Current - Continuous 

Ic 

70 

Adc 

- Peak (1) 

IcM 

140 


- Overload 

lo, 



Base Current - Continuous 

Ib 

20 

Adc 

- Peak (1) 

Ibm 



Total Power Dissipation - Tc = 25°C 

Pd 

350 

Watts 

-Tc = 100°C 


200 


Derate above 25° C 


2 

W/°C 

Operating and Storage Junction 

Tj, Tjtg 


°C 

Temperature Range 


-65 to -1-200 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

Rejc 

0.5 

°C/W 

Maximum Lead Temperature 
for Soldering Purposes: 

Vs" from Case for 5 Seconds 

Tl 

275 

°c 


(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle ^ 10%. 


70 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

125 VOLTS (BVCEO) 

350 WATTS 
200 V (BVCES) 


Designer's Data for 
"Worst Case" Conditions 

The Designers^ Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 




NOTES: 

I. DIMENSIONS 0 AND V ARE DATUMS 
2 [T] IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE 0. 

I ♦ I i13 (0,005) © I T I 

FOR LEADS 

I ♦ I |.I3(0.005)©T I V@| Q@1 
4 DIMENSIONS AND TOLERANCES PER 
ANSI VI4.5, 1973. 


DIM 

MILLIM 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

n 

38.35 

39.37 

1.510 

1.550 


19.30 

21.08 

0.760 

0.830 

M 

6.35 

7.62 

0.250 

0.300 

TM 

1.45 

1.60 

0.057 

0.063 


_ 

3.43 

- 

0.135 


29.90 

30.40 

1.177 

1.197 

ra 

10.67 

11.18 

0.420 

0.440 


~ur 

5.72 

0.205 

0.225 

j 

16.64 

17.15 

0.655 

O.P79 

K 

11.18 

12.19 

0.440 

0.480 

MiM 

3.84 

4.09 

0.151 

0.161 


24.89 

26.67 

0.980 

1.050 


CASE 1-05 TO-3 TYPE 


3 
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BUS50 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 


Max. 



OFF CHARACTERISTICS^ 


Collector-Emitter Sustaining Voltage 
dc = 200 mA, Ib = 0, L = 25 mH) 

VcEO(sus) 

125 


Vdc 

Collector Cutoff Current at Reverse Bias : 

(VcE = 200 V, Vbe = -1.5 V) 

(VcE = 200 V, Vbe = -1.5 V, Tc = 125°C) 

ICEX 


.2 

2 

mAdc 

Collector-Emitter Cutoff Current 
(VcE = 125 V) 

•cEO 


1 







Emitter Cutoff Current 
(Veb = 7 V) 

Iebo 


.2 

mAdc 


ON CHARACTERISTICS^ 


DC Current Gain 
dc = 5 A. VcE = 4 V) 
dc = 50 A, VcE = 4 V) 

hpE 

20 

15 



Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dc = 35 A, Ib = 2 A) 



1 


dc = 70 A, Ib = 7 A) 



1.2 


Base-Emitter Saturation Voltage 

VsElsat) 



Vdc 

dc = 35 A, Ib = 2 A) 



1.8 


dc = 70 A, Ib = 7 A) 



2 



SWITCHING CHARACTERISTICS (Resistive Load) ton and (Inductive Load) tsv, tfi 


Turn-on Time 

Ic = 70 A, Ibi = 7 A VBEoff = -5 V 

(Vcc=125V) 

ton 


1.2 

\iS 

Storage Time 

tav 


1.5 


Fall Time 

tfi 


.3 



^ Pulse Test: Pulse Width ^ 300 |is, Duty Cycle <2% 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


BUS51 

BUS52 


ADVANCED INFORMATION 

SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The BUS51 and BUS52 transistors are designed for low voltage, high- 
speed, power switching in inductive circuits where fall time is critical. They 
are particularly suited for battery switchmode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 


Fast Turn-Off Times 

300 ns Inductive Fall Time -25°C (Typ) 

Operating Temperature Range -65 to -f-200°C 
100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents {125°C) 



MAXIMUM RATINGS 


Rating 

Symbol 

BUS51 

BUS52 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

200 

250 

Vdc 

Collector-Emitter Voltage 

VcEV 

300 

350 

Vdc 

Emitter Base Voltage 

Veb 

7 

Vdc 

Collector Current - Continuous 

Ic 

50 

40 

Adc 

-Peak(l) 

IcM 

100 

80 


- Overload 

lo, 




Base Current - Continuous 





-Peak(l) 





Total Power Dissipation - Tc = 25°C 

Pd 



-Tc = 100°C 




Derate above 25° C 







■HH 

■BB 

°C 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

Rejc 

0.5 

°C/W 

Maximum Lead Temperature 
for Soldering Purposes: 

Vz" from Case for 5 Seconds 

Tl 

275 

°c 


(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle ^ 10%. 


50 & 40 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

200 and 250 VOLTS (BVCEO) 
350 WATTS 
300-350 (BVCES) 


Designer's Data for 
"Worst Case" Conditions 

The Designers^ Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 




t DIMENSIONS Q AND V ARE DATUMS. 

2 [T] 'S SEATING PLANE AND DATUM 

3 POSITIONAL TOLERANCE FOR 

MOUNTING HOLE 0 

I ♦ I ».I3(O.OO5)0 I T |v©l 
FOR LEADS 

I ♦ I ».I3(0.00«@T I V@| 0©1 
« DIMENSIONS AND TOLERANCES PER 
ANSI YUS, 1973 



MILLIM 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

n 

38.35 

39.37 

1.510 

1.550 

n 

19.30 

21.08 

0.760 

0.830 


6.35 

7.62 

0.250 

0.300 

MM 

1.45 

1.60 

0.057 

0.063 

E 

, - 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1,197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.2b5 

0.225 


16.?4 

17.15 

“Pwl 

p .575 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

24.89 

26.67 

0.980 

1.050 


CASE 1-05 TO-3 


3 
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BUS51, BUS52 


Collector Cutoff Current 
(VcEv = Rated Value, VeEiotfi = 1-5 Vdc) 
(VcEv =? Rated Value, VsEiotf) = 1-5 Vdc, Tc 










MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


SWITCHMODE 11^ SERIES 
NPN SILICON POWER TRANSISTORS 

The BUS97 and BUS97A transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line-operated switch- 
mode applications such as: 

• Switching Regulators ^ 

• Inverters P ^ ^ 

• Solenoid and Relay Drivers 

• Motor Controls o— — I 

• Deflection Circuits 

Fast Turn-Off Times I 

60 ns Inductive Fall Time— 25 °C (Typ) ~ 

120 ns Inductive Crossover Time— 25°C (Typ) 

Operating Temperature Range -65 to +200°C 
100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents (1 25°C) 


MAXIMUM RATINGS 


Rating 

Symbol 

BUSS 7 

BUS97A 

Unit 

Collector-Emitter Voltage 

VcEO(susl 

400 

450 

Vdc 

Collector-Emitter Voltage 

VCEV 

850 

1000 

Vdc 

Emitter Base Voltage 

Veb 

7 

Vdc 

Collector Current — Continuous 

>C 

18 

Adc 

- Peakd) 

•cm 

19 


— Overload 

•OL 

60 


Base Current - Continuous 

•b 


5 

Adc 

- Peakd) 

•bm 

20 


Total Power Dissipation - Tq = 25°C 

Pd 

175 

Watts 

- Tc = roo^^c 


100 


Derate above 25*^0 


1 

0 

W/°C 

Operating and Storage Junction 

Tj< Tstg 



°C 

Temperature Range 


-65 tc 

o 

o 

CM 

-f 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

PqJC 

1.0 

°C/W 

Maximum Lead Temperature 
for Soldering Purposes: 

1/8" from Case for 5 Seconds 


275 

°c 
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BUS97, BUS97A 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 1) Riiqo? 

(IC = 200mA, Ib=0) L = 25mH BUS97A 

VCEO(sus) 

400 

450 

_ 

_ 

Vdc 

Collector Cutoff Current 
(VcEV = Rated Value, VBE(off) = -5 ^^Ic) 

(VcEV = Rated Value, VBE(off) = LB Vdc, Tc = 125°C) 

•CEV 

- 

- 

0.2 

2.0 

mAdc 

Collector Cutoff Current _ 

(VcE=fleted VcEV,RBE = 10nl TC = 12^C 

•CER 



0.5 

3.0 

mAdc 

Emitter Cutoff Current 
(Veb-5 Vdc, lc = 0) 

•ebo 

_ 

_ 

0.1 

mAdc 

Emitter-base breakdown Voltage 
(lE =50mA - lc = 0) 


7 



Vdc 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

•S/b 

See Figure 12 


Clamped Inductive SO A with Base Reverse Biased 

RBSOA 

See Figure 13 



ON CHARACTERISTICS (1) 


DC Current Gain 
dC = 1 2Adc, VcE = 5Vdc) 
dC = 10A, VcE = 5V) 

BUS97 

BUS97A 

hFE 

7 

-- 



Collector-Emitter Saturation Voltage 


VCE{sat) 




Vdc 

dC = 12A, Ib = 2.4A) 



— 

- 

1.5 


dC = 18A, Ib = 6A) 

BUS97 


- 

, - 

3 


dC = 12A, Ib = 2.4A, Tc = 100°C) 



- 

- 

2.5 


dC = 10A, Ib = 2A) 



- 

- 

1.5 


dQ = 15A, Ib = 3A) 

BUS97A 


— 

- 

5.0 


dC = 10A, Ib = 2A, Tc = 100°C) 



- 

- 

2.5 


Base-Emitter Saturation Voltage 


VBE(sat) 




Vdc 

dC = 12Adc, Ib = 2.4Adc) 1 

1 BUS97 


- 

- 

1.6 


dC = 12Adc, Ib = 2.4Adc, Tc = 100°C) J 



- 

- 

1.6 


dC = lOA, Ib = 2Adc) 1 





1.6 


dC = 10A, Ib = 2Adc, Tc = 100°C) J 

j BUS97A 




1.6 



DYNAMIC CHARACTERISTICS 


Output Capacitance 1 

Cob 

■ 




pF 

(VcB = 1QVdc, Ie= 0. ftest = 100Khz) 

■ - 


350 



SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) 


Delay Time 

(Vcc = 250 Vdc, Ic = 12A, 

Ibi = 2.4A, tp = 30 6s, 

Duty Cycle S 2%, VBE(off) = 5 V) 

td 

_ 

0.1 

0.2 

MS 

Rise Time 

tr 

- 

0.4 

0.7 


Storage Time 

's 

- 

1.3 

2.0 


Fall Time i 

J 

tf 

- 

0.2 

0.4 



Inductive Load, Clamped (Table 1) 


Storage Time 

^^^’1bUS97 
Ibi = 2.4A, J 

VBE(off) = 5 V, 

VCE(C1) = 250 V) 
|0(;K)=^10AJ3,3„, 

(Tc = 25®C) 

'_sv 

■ 

1.3 

_ 

MS 

Fall Time 

tfi 

- 

0.06 

- 


Storage Time 

(Tc = 100°C) 

tsv 

- 

1.5 

2.5 


Crossover Time 

'c 

- 

0.3 

0.6 


Fall Time 

tfi 

- 

0.17 

0.35 



(1) Pulse Test; PW = 300 /is, Duty Cycle ^2%. 
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BUS97, BUS97A 


DC CHARACTERISTICS 



2 3 5 8 10 20 30 50 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 2 - COLLECTOR SATURATION REGION 



0.1 0.3 0.5 1 2 3 


IB, base current (AMPS) 



1 2 3 5 7 10 20 30 50 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 4 - BASE-EMITTER VOLTAGE 




0.1 0.3 1 3 10 

IC, COLLECTOR CURRENT (AMPS) 



-0.4 -0.2 0 0.2 0.4 0.6 


Vbe, base EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - CAPACITANCE 


Vr, reverse voltage (VOLTS) 


3 
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BUS97, BUS97A 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% IbI to 10% Vclamp 
trv = Voltage Rise Time, 10-90% Vdamp 
tfj = Current Fall Time, 90 — 10% Iq 
tti = Current Tail, 10-2% Ic 
tc = Crossover Time, 10% Vdamp fo 10% Ic 
An enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PswT = 1/2Vcclc(tc)^ 

In general, try + tfi ^ t^. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25^C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tjy) which are 
guaranteed at 100°C. 


INDUCTIVE SWITCHING 


FIGURE 9 - STORAGE TIME, Tsv FIGURE 10 - CROSSOVER AND FALL TIMES 



1 2 3 5 7 10 20 30 50 1 2 3 5 7 10 20 30 50 

IC, COLLECTOR CURRENT (AMPS) IC. COLLECTOR CURRENT (AMPS) 


FIGURE 11a - TURN-OFF TIMES vs FORCED GAIN FIGURE 11b - TURN-OFF TIMES vs Ib 2 /lbi 



23456789 10 0123456789 10 

Bf, FORCEO GAIN Ib^/lbi 
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Ic, COLLECTOR CURRENT (AMPS) IC, COLLECTOR CURRENT (AMPS) 


BUS97, BUS97A 


3 


The Safe Operating Area figures shown in Figures 1 2 and 1 3 are 
specified for these devices under the tost conditions shown. 


FIGURE 12 ~ FORWARD BIAS SAFE OPERATING AREA 



FIGURE 13 - REVERSE BIAS SAFE OPERATING AREA 



0 200 400 600 800 1000 


VCE, COLLECTOR EMITTER VOLTAGE (VOLTS) 



0 40 80 120 160 200 


Tc, CASE TEMPERATURE (OC) 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC"VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 
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(duiV) ’^1 


I, TIME Ims) 


OVERLOAD CHARACTERISTICS 

FIGURE 16 - RATED OVERLOAD SAFE OPERATING AREA 
(OLSOA) 
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VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS 

FIGURE 17 - lc= f(dV/dt) 



0 2 4 6 8 10 

dV/dt (KV/^S) 


OLSOA 

OLSOA applies when maximum collector current is 
limited and known. A good example is a circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of time, the magnitudeof collector current is also 
known. 

Maximum allowable collector-emitter voltage versus 
collector current is plotted for several pulse widths. (Pulse 
width isdefined as the time lag between thefaultcondition 
and the removal of base drive.) Storage time of the tran- 
sistor has been factored into the curve. Therefore, with 
bus voltage and maximum collector current known. 
Figure 1 6 defines the maximum time which can be allowed 
for fault detection and shutdown of base drive. 

OLSOA is measured in a common-base circuit 
(Figure 18) which allows precise definition of collector- 
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe operating 
area. 


FIGURE 18 - OVERLOAD SOA TEST CIRCUIT 


Notes: 

• VcE =Vcc + Vbe 

• Adjust pulsed current source 

for desired Iq, tp 














MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


SWITCHMODE M SERIES 
NPN SILICON POWER TRANSISTORS 

The BUS 98 and BUS 98A transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line-operated switch- 
mode applications such as: g 

• Switching Regulators J 

• Inverters L — O 

• Solenoid and Relay Drivers 

• Motor Controls o ■ — — ( — V ) 

• Deflection Circuits 

Fast Turn-Off Times i 

60 ns Inductive Fall Time - 25°C (Typ) 

120 ns Inductive Crossover Time — 25°C (Typ) 

Operating Temperature Range — 65 to 4- 200®C 

100°C Performance Specified for : 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents (125 °C) 



30 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

400 AND 450 VOLTS (BVCEO) 
250 WATTS 
850 - 1000 V (BVCES) 


Designer's Data for 
"Worst Case" Conditions 

The Designers^ Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 



MAXIMUM RATINGS 


Rating 

Collector-Emitter Voltage 
Collector-Emitter Voltage 


Emitter Base Voltage 

Collector Current - Continuous 
— Peak(l) 

— Overload 

Base Current — Continuous 
-Peakd) 

Total Power Dissipation — Tq = 25°C 
-Tc = l00°C 

Derate above 25 C 

Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol 

VCEO(sus) 

VCEV 


Veb 






Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

R0JC 

0.7 

°C/W 

Maximum Lead Temperature 
for Soldering Purposes; 

1/8" from Case for 5 Seconds 

Tl 

275 

1 

°c 



DIMENSIONS Q AND V ARE DATUMS. 
m IS SEATING PLANE AND DATUM. 
POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q: 


MILLIMETERS INCHES 
MIN MAX MIN MAX 
38.35 39.37 1.510 1.550 

19.30 21.08 0.760 0.830 


7.62 0.250 0.300 

1.45 I 1.60 0.057 0.063 

3.43 - 0.135 

29.90 30.40 1.177 1.197 

10.67 11.16 0.420 0.440 

5.21 5.72 0.205 0.225 

16.64 17 15 0.655 0.675 
11 18 12.19 0.440 0,480 

3.84 4,09 0.151 0.161 

24.89 26.67 0.980 1.05^ 

CASE 197-01 
MODIFIED TO 3 
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BUS98, BUS98A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


1 Characteristic 


Symbol 

Min 

Typ 

Max 

Unit I 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 1) 


VcEO(sus) 




Vdc 

(lC=200mA, Ib = 0) L = 25mH 

BUS98 


400 

— 

- 


BUS98A 


450 

_ 

- 


Collector Cutoff Current 


ICEV 




mAdc 

(VcEV = Rated Value, VBE(off) = LB Vdc) 

125°C) 



- 

0.4 


(VcEV = Rated Value, VBE(off) = Vdc, Tc = 


- 

- 

4.0 


Collector Cutoff Current 


ICER 




mAdc 

(VcE = Rafecl Vqev, RbE = ^0 

Tc= 25°C 


- 

- 

1.0 


Tc = 125 C 


- 

- 

6.0 


Emitter Cutoff Current 


lEBO 




mAdc 

(Veb - 7 Vdc, Ic = 0) 




0.2 


Emitter-base breakdown Voltage 


vebo 





(Ie = 100 mA - lc=0) 



7.0 



Vdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

»S/b 


See Figure 12 


Clamped Inductive SO A with Base Reverse Biased 

RBSOA 


See Figure 13 



ON CHARACTERISTICS! 1) 


DC Current Gain 


hFE 




- 

(IC = 20 Adc, Vce= 5 Vdc) 

BUS98 


8 




(IC = 16 Adc, Vce = 5 V) 

BUS98A 





Col lector- Emitter Saturation Voltage 


VCE(sat) 




Vdc 

(IC = 20 Adc, Ib= 4 Adc) 



— 

— 

1.5 


(IC=30 Adc, Ib= 8 Adc) 

BUS98 


— 

— 

3.5 


dC = 20 Adc, Ib =4 Adc, Tc = 100 °C) 



- 

- 

2.0 


{IC=16 Adc, Ib =3.2 Adc) 



- 

- 

1.5 


(1^=24 Adc, Ib= 5 Adc) 

BUS98A 


— 

— 

5.0 


( 1 C = 1 6 Adc, 1 b = 3.2 Adc, Tg = 1 00°C) 



- 

- 

2.0 


Base- Emitter Saturation Voltage 


VBE(sat) 




Vdc 

(IC = 20 Adc, Ib= 4 Adc) 

(IC = 20 Adc, Ib= 4 Adc,Tc=100°C) 

BUS98 



_ 

1.6 

1.6 


(IC = 16 Adc, Ib= 3.2 Adc) 

(IC = 16 Adc, Ib= 3.2 Adc, Tc = 100°C) 

BUS98A 


— 

1 

1.6 

1.6 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 




pF 

(VcB = 10 Vdc, lE=0,ftest = 100 khz) 


- 

- 

700 



SWITCHING CHARACTERISTICS 
Resistive Load (Table 1) 


Delay Time 

<VcC = 250 Vdc, lc = 20A, 

1 B 1 = 4.0 A, tp = 30 MS, 

td 

- 

0.1 

0.2 

MS 

Rise Time 

tr 

- 

0.4 

0.7 


Storage Time 

Duty Cycle <2%, VBE(off) =5 V) 

(for BUS98A : lc = 16A, lbi =3.2A) 

ts 

- 

1.55 

2.3 


Fall Time 

tf 

- 

1 

0.4 



Inductive Load, Clamped (Table 1) 


Storage Time 

1 (BUS98) 

VBE(off) =5 V, 
VcE(c1)=250V) 

IbS =372A ^ 1 (BUS98A) 

(Tc = 25''C) 

tsv 

- 

1.55 

- 

MS 

Fall Time 

tfi 

- 

0.06 

- 

Storage Time 

(Tc = 100°C) 

fsv 

- 

1.8 

2.8 

Crossover Time 

fc 

- 

0.3 

0.6 

Fall Time 

tfi 

- 

0.17 

0.35 


( 1 ) Pulse Test : PW = 300 ms, Duty Cycle <2%. 


3-495 
















BUS98, BUS98A 


DC CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 



3 5 7 10 20 30 50 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 3 - COLLECTOR-EMITTER SATURATION VOLTAGE 



1 3 10 20 


\q, collector current (AMPS) 



- 0.4 - 0.2 0 0.2 0.4 0.6 

Vbe, base emitter voltage (VOLTS) 


FIGURE 2 - COLLECTOR SATURATION REGION 



0.1 0.3 0.5 1 2 3 4 


Ib, base current (AMPS) 


FIGURE 4 - BASE-EMITTER VOLTAGE 
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FIGURE 6 - CAPACITANCE 
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TEST CIRCUITS 


BUS98, BUS98A 


TABLE ^ - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


RBSOA AND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 


361A iJ ± ± adjust Vci 

— 1 « :Z TO OBTAIN 

BUV20 K DESIRED Igi 


1“^ 

JQsopf 


ADJUST Vq2 
TO OBTAIN 


Use inductive twitchinfl 
driver as the input to 



INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


Sea Above tor 
Detailed Conditions 


1N4937 I I M 



Test Equipment 
Scope - Tektronix 
475 or Equivalent 


FIGURE 7 — INDUCTIVE SWITCHING MEASUREMENTS 


FIGURE 8 - PEAK-REVERSE CURRENT 



90%VcE(pk) 


-/3f = 5 _ 

IC = 20 A 



VBE(off)' base-emitter VOLTAGE (VOLTS) 









BUS98, BUS98A 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Ibi fo 10% V^amp 
trv = Voltage Rise Time, 10-90% Vdamp 
tfi = Current Fall Time, 90-10% Ic 
tti = Current Tail, 10-2% Ic 
tc = Crossover Time, 10% Vdamp fo 10% Iq 
A n enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PSWT = Vcc>C<^c>^ 

In general, trv + tfi ^ t^. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE” transistor are 
the inductive switching speeds (tc and t^v) which are 
guaranteed at 100°C. 


INDUCTIVE SWITCHING 


FIGURE 9 - STORAGE TIME, Tsv 
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Ic, COLLECTOR CURRENT (AMPS) 


FIGURE 10 - CROSSOVER AND FALL TIMES 
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FIGURE 11b - TURN OFF TM TIMES vs ib 2 /lb<| 
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, COLLECTOR CURRENT (AMPS) 


BUS98, BUS98A 


The Safe Operating Area figures shown in Figures 1 2 and 1 3 are 
specified for these devices under the test conditions shown. 


FIGURE 1 2 - FORWARD BIAS SAFE OPERATING AREA 



VcE, COLLECTOR EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq^Vce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on T(3 = 25®C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

Tjlpk) fTiay be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


FIGURE 1 3 - REVERSE BIAS SAFE OPERATING AREA 



0 200 400 600 800 1000 

VcE- COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 14 - POWER DERATING 



REVERSE BIAS 


For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 
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BUS98, BUS98A 


FIGURE 15 - THERMAL RESPONSE 



OVERLOAD CHARACTERISTICS 


FIGURE 16 - RATED OVERLOAD SAFE OPERATING AREA 
(OLSOA) 
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VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS 



0 2 4 6 8 10 

dV/dt (KV/uS) 


OLSOA 

OLSOA applies when maximum collector current is 
limited and known. A good example is a circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of time, the magnitude of collector current is also 
known. 

Maximum allowable collector-emitter voltage versus 
collector current is plotted for several pulse widths. (Pulse 
width is defined as the time lag between thefaultcondition 
and the removal of base drive.) Storage time of the tran- 
sistor has been factored Into the curve. Therefore, with 
bus voltage and maximum collector current known, 
Figure 1 6 defines the maxiririum time which can be allowed 
for fault detection and shutdown of base drive. 

OLSOA is measured in a common-base circuit 
(Figure 18) which allows precise definition of collector- 
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe operating 
area. 


FIGURE 18 - OVERLOAD SOA TEST CIRCUIT 


Notes: 

• vce = vcc + Vbe 

• Adjust pulsed current source 

for desired I G, tp 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The BUT 1 3 Darlington transistor is designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for line-operated switchmode 
applications such as: 

• AC and DC Motor Controls 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Fast Turn-Off Times 

300 nS Inductive Fall Time at 25°C (Typ) 

1.1 //S Inductive Storage Time at 25°C (Typ) 

• Operating Temperature Range - 65 to 200°C 


MAXIMUM RATINGS 


Rating 

Symbol 

BUT13 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

400 

Vdc 

Collector-Emitter Voltage 

VCEV 

600 

Vdc 

Emitter Base Voltage 

Veb 

• 

10 

Vdc 

Collector Current 



Adc 

- Continuous 

'c 

28 


- Peakd) 

'cm 

35 


Base Current 



Adc 

- Continuous 

'b 

6 


- Peakd) 

'bm 

7.5 


Free Wheel Diode : 



Adc 

Forward current - Continuous 

If 

28 


- Peak 

•fm 

35 


Total Power Dissipation @Tq - 25°C 

Pd 

175 

Watts 

(STc = lOO^^C 


100 


Derate above 25°C 



W/°C 

Operating and Storage Junction 

^J' ^stg 


°C 

Temperature Range 

- 65 to + 200 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

R0JC 

1.0 

°C/W 

Maximum Lead Temperature 
for Soldering Purpose; 

1/8" from Case for 5 Seconds 

Tl 

275 

°c 


(1) Pulse Test. Pulse Width = 5 ms, Duty Cycle ^ 10%. 



Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 




NOTES 


1 DIMENSIONS Q AND V ARE DATUMS 
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3 POSITIONAL TOLERANCE FOR 
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CASE 1-05 TO 3 
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BUT13 


ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic j Symbol | Min [ Typ | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1 ) 
dC = 100 mA, IB = 0) 

VCEO(sus) 

400 • 



Vdc 

Collector Cutoff Current 

ICEV 




mAdc 

(VCEV = Rated Value. VBE(off) = 15 Vdc) 


- 

- 

0.1 


(VCEV = Rated Value, VBE(off) = 1.5 Vdc, Tc = 100°C 


- 

- 

2.0 


Emitter Cutoff Current 

lEBO 




mAdc 

(VEB = 2.0 V, IC = 0) 


- 

- 

175 



SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

IS/b 


See Figure 1 6 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 


See Figure 1 7 



ON CHARACTERISTICS (1) 


DC Current Gain 

OC = 10 A, VCE = 5 V) 
dC = 18 A, VCE = 5 V) 

hFE 

30 

20 

- 

- 


Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

dC = 10 A, IB = 0.5 A) 


- 

- 

2.0 


dC = 18 A, IB = 1.8 A) 


- 

- 

2.5 


dC = 22 A, IB = 2.2 A) 


- ■ 

- 

3.0 


dC = 28 A, IB = 5.6 A) 


- 

- 

5.0 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 10 A, IB = 0.5 A) 


- 

- 

2.5 


dC = 18 A, IB = 1.8 A) 


- 

- 

3.0 


dC = 22 A, IB = 2.2 A) 


- 

- 

3.3 


Diode Forward Voltage 

Vf 




Vdc 

(IF = 22 A) 


- 

- 

4.0 



SWITCHING CHARACTERISTICS 

Inductive Load, Clamped (Table 1) 


Storage Time 

Tc = 25°C 

See Table 1 

ts 

- 

1.1 

2.6 

yUS 

Fall Time 

IC = 1 8 A 

tf 

- 

0.3 

0.8 

MS 

Storage Time 

Tc = 100°C 

IB1 = 1.8 A 

ts 

- 

1.4 

- 

MS 

Fall Time 

VBE(off) = 5 V 

tf 

- 

0.33 

- 

MS 


(1) Pulse Test: PW = 300 fxs. Duty Cycle S 2%. 
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r(t), EFFECTIVE TRANSIENT THERMAL 

RESISTANCE (NORMALIZED) VCE. COLLECTOR EMITTER VOLTAGE (VOLTS) Tj HfE- DC CURRENT GAIN 


BUT13 


TYPICAL CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - COLLECTOR SATURATION REGION 




IC, COLLECTOR CURRENT (AMPS) 


.5 1 2 3 5 7 10 

IB. BASE CURRENT (AMPS) 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


R8SOA AND INDUCTIVE SWITCHING 




















ICM. peak COllECTOH CORBEUT tAIIPSl 


BUT13 


Th« 8af« Oparating Araa figuraa shown In PIguras 1 6 and 1 7 
ara spacifad for thasa davicas undar tha tast conditions shown. 



1 5 10 30 100 300' 1000 

VCE. COLLECTOR EMITTER VOLTAGE IVOLTSI 


FIGURE 1 7 - REVEiftSE BIAS SAFE OPERATING AREA 



0 200 400 600 


VCE. COLIECTOR EMITTER VOLTAGE (VOlTSi 


SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitatiorts on the power handling ability 
of a transistor : average junction temperature and second 
breakdown. Safe operating area curves indicate Ic-VcE 
limits of the transistor that must be observed for reliable 
operation, i.e., the transistor must not be subject to 
grater dissipation than the curves indicate. 

The data of Figure 16 is based on Tc = 25°C; Tj(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 6 may be found 
at any case temperature by using the appropriate curve 
on Figure 1 8. 

Tj(pk) may be calculated from the data in Figure 5. At 
high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 17 gives the RBSOA characteristics. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



SWITCHMODE SERIES 

NPIM SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The BUT 14 Darlington transistor is designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for line-operated switchmode 
applications such as: 9 

• AC and DC Motor Controls I 

• Switching Regulators o — f-X ^ 

• Inverters I — f — T 

• Solenoid and Relay Drivers T T j 

• Fast Turn-Off Times -loo^-ieT 

300 nS Inductive Fall Time at 25°C (Typ) 

1 .3 /iS Inductive Storage Time at 25°C (Typ) 

• Operating Temperature Range -65 to 200°C 


MAXIMUM RATINGS 


25 AMPERES 

NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 

850 VOLTS 
175 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 




Rating 

Symbol 

BUT14 

Collector-Emitter Voltage 

VCEO(sus) 

500 

Collector-Emitter Voltage 

VCEV 

850 

Emitter Base Voltage 

Veb 

10 

Collector Current 

- Continuous 

- Peak(l) 

'c 

•cm 

25 

35 

Base Current 

- Continuous 

- Peak(l) 

•b 

•bm 

5 

7.5 

Free Wheel Diode ; 

Forward current - Continuous 
- Peak 

•f 

•fm 

25 

35 

Total Power Dissipation (S^Tq - 25°C 
(ajTc = 100°C 

Derate above 25°C 

Pd 

175 

100 

Operating and Storage Junction 
Temperature Range 

I^J' ^stg 

- 65 to + 200 


THERMAL CHARACTERISTICS 
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BUT14 


ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise notedi 

Characteristic I Symbol | Min { Typ | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 
dC = 100 mA, I& = 01 

VCEO(sus) 

500 



Vdc 

Collector Cutoff Current 

ICEV 




mAdc 

(VCEV = Rated Value, VBE(off) =15 Vdc) 


- 


0.2 


(VCEV = Rated Value, VBE(off) = 1.5 Vdc, Tc = 100°C 


- 

- 

2.0 


Emitter Cutoff Current 

•ebo 




mAdc 

(VEB = 2.0 V, ic = 0) 


- 

- 

175 



SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

IS/b 

1 

j 

See Figure 1 6 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

1 

See Figure 1 7 



ON CHARACTERISTICS 1 1 ) 


DC Current Gain 

dC = 8 A, VCE - 5 V) 
dC = 16 A, VCE = 5 V) 

hFE 

30 

15 

- 

- 


Collector-Emitter Saturation Voltage 

VCEIsat) 




Vdc 

dC = 8 A, IB = 0.4 A) 


- 

- 

2.0 


dC - 16 A, IB = 1.6 A) 


- 

- 

3.0 


dC = 20 A, IB = 2.0 A) 


- 

- 

3.5 


dC = 25 A, IB = 5 A) 


- 

- 

5.0 


Base-Emitter Saturation Voltage 

VBEIsatl 




Vdc 

dC = 8 A, IB 0.4 A) 




2.5 


dC = 16 A, IB = 1.6 A) 


- 


2.9 


dC = 20 A, IB = 2 A) 


■ - 

... 

3.3 


Diode Forward Voltage 

1 

Vf 




Vdc 

(IF = 20 A) 


j 


4.0 



SWITCHING CHARACTERISTICS 

Inductive Load, Clamped (Table 1 ) 


Storage Time 

Tc = 25‘^C 

See Table 1 

ts 


1.3 

2.8 

AS 

Fall Time 

IC = 1 6 A 

tf 

- 

0.3 

0.8 

AS 

Storage Time 

Tc = 100«C 

IB1 = 1.6 A 

ts 

- 

1.5 

i 

AS 

Fall Time 

VBE(off) = 5 V 

tf 

! 

0.35 

- 

AS 


(1) Pulse Test: PW - 300 //s, Duty Cycle ^ 2%. 
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TEST CIRCUITS VALUES CONDITIONS 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 












FREE-WHEEL DIODE CHARACTERISTICS 


FIGURE 10 - FREE WHEEL DIODE MEASUREMENTS 


FIGURE 11 - FORWARD VOLTAGE 
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FIGURE 1 2 - FORWARD MODULATION VOLTAGE 


VEC. EMITTER COLLECTOR VOLTAGE (V0LT5I 

FIGURE 13 ~ PEAK REVERSE RECOVERY CURRENT 








1 /^ 







TC - 

25”C 


lE. EMITTER CURRENT (AMPS) 

FIGURE 14 - FORWARD RECOVERY TIME 


lE. EMITTER CURRENT (AMPS) 

FIGURE 1 5 - REVERSE RECOVERY TIME 


50 













•cm. peak couector current IAMPS) 'c. collector current IAMPS) 


BUT14 


The Safe Operating Area figures shown in Figures 16 and 17 
are specifed for these devices under the test conditions shown. 



1 5 10 30 100 300 1000 

VCE- COLLECTOR EMITTER VOLTAGE IVOLTSI 


FIGURE 1 7 - REVERSE BIAS SAFE OPERATING AREA 



0 200 400 600 850 

VcE. COLLECTOR EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of atrarvsistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic-VcE 
limits of the transistor that must be observed for reliable 
operation, i.e., the transistor must not be subject to 
grater dissipation than the curves indicate. 

The data of Figure T6 is based on Tq = 25°G ; T j(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 6 may be found 
at any case temperature by using the appropriate curve 
on Figure 18. 

Tj(pk) may be calculated from the data In Figure 5. At 
high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 17 gives the RBSOA characteristics. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The BUT 1 5 Darlington transistor ie designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for line-operated switchmode 
applications such as: 

• AC and DC Motor Controls 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Fast Turn-Off Times 

300 nS Inductive Fall Time at 25°C (Typ) 

1.2 //S Inductive Storage Time at 25°C (Typ) 

• Operating Temperature Range -65 to 200°C 



MAXIMUM RATINGS 


Rating 

Symbol 

BUT15 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

700 

Vdc 

Collector-Emitter Voltage 

VCEV 

1000 

Vdc 

Emitter Base Voltage 

Veb 

10 

Vdc 

Collector Current 



Adc 

- Continuous 

'c 

20 


- Peakd) 

•cm 

25 


Base Current 



Adc 

- Continuous 

•b 

5 


- Peakd) 

'bm 

10 


Free Wheel Diode; 



Adc 

Forward current - Continuous 

If 

20 


- Peak 

IPM , 

25 


Total Power Dissipation @ Tq = 25°C 

Pd 

175 

Watts 

@Tc = 100°C 


100 


Derate above 25°C 



W/°C 

1 

Operating and Storage Junction 

Tj' ^stg 


OC 

Temperature Range 

- 65 to -1-200 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

RQjc 

1.0 

°C/W 

Maximum Lead Temperature 
for Soldering Purpose; 

1/8" from Case for 5 Seconds 

Tl 

275 

°c 


(1) Pulse Test. Pulse Width = 5 ms. Duty Cycle 10%. 


20 AMPERES 

NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 

1000 VOLTS 
175 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 
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NOTES 

t DIMENSIONS a AND V ARE OATUMS 
J [T] IS SEATING PLANE AND DAT UM 

3 POSITIONAL TOLERANCE FOR 
MOUNTING HOLE 0 

I ♦ I > 13(00051© I T |V~^ 

FOR LEAPS 

I ♦ I 1.13 (P OOS)© T I V©| Q©[ 

4 DIMENSIONS ANO TOLERANCES PER 
ANSI VIA S. 1973 


DIM 

MILLIMETERS 

INCHES 

MIN 1 MAX 

MIN 

MAX 

~ir 

1 39,37 


1 550 


1 n.OB 


0 63d 

c 

6.3S 7.62 

0.250 

0300 

HP 

0 97 1 1 09 

0.036 

0 043 

Tl 

- I 3.43 


0135 

F 

30 15 BSC 

1 16 

BSC 

C 

10 92 BSC 

0.43 

BSC 


5 *6 BSC 

0.215 BSC 

T 

16.S9 BSC 

0.66 

BSC 

K 

n.lBI 12.19 

0.440 

0.460 

0 

3.B1I 4.19 

0 150 

0.165 

R 

- 26.67 


1.050 

U 

4.63 5.33 

0.190 

0.210 

V 

3.BlJ_ 4.19 

0.150 

0.165 


CASE 1-05 TO-3 
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BUT15 


ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1 ) 
dC = 100 mA, iB = Q) 

VCEO(sus) 

700 

_ 

_ 

Vdc 

Collector Cutoff Current 

ICEV 




mAdc 

(VCEV - Rated Value, VBE(off) = 1-5 Vdc) 


- 

- 

0.1 


(VCEV = Rated Value. VBE(off) =15 Vdc, Tc = 100°C) 


- 

- 

2.0 


Emitter Cutoff Current 

lEBO 




mAdc 

(VeB = 2.0 V, Ic = 0) 


- 

- 

175 



SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

IS/b 


See Figure 1 6 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 


See Figure 1 7 



ON CHARACTERISTICS ( 1 ) 


DC Current Gain 
dC = 6 A, VCE = 5 V) 

dC = 12 A, VCE = 5 V) 

hFE 

30 

15 

- 

- 


Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

dC = 6 A, IB = 0.3 A) 


, - 

- 

2.0 


dC = 12 A, IB = 1.2 A) 


- 

- 

3.0 


dC = 16 A, IB = 1.6 A) 


- 

- 

3.5 


dC = 20 A, IB = 4 A) 


- 

-- 

5.0 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 6 A, IB = 0.3 A) 


- 

- 

2.5 


dC = 12 A, IB = 1.2 A) 


-■ 

- 

2.9 


dC = 16 A, IB = 1.6 A) 


- 

- 

3.3 


Diode Forward Voltage 

Vf 




Vdc 

(IF = 16 A) 


- 

- .1 

4.0 



SWITCHING CHARACTERISTICS 

Inductive Load, Clamped (Table 1) 


Storage Time 

TC = 25°C 

See Table 1 

ts 

- 

1.2 

2.5 

fiS 

Fall Time 

IC = 1 2 A 

tf 

- 

0.3 

0.8 

AS 

Storage Time 

Tc = 100 °C 

IB1 = 1.2 A 

ts 

- 

1.4 

- 

AS 

Fall Time 

VBE(off) = 5 V 

tf 

- 

0.35 

- 

AS 


(1) Pulse Test; PW = 300 jUS, Duty Cycle ^ 2%. 
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RESISTANCE (NORMALIZED) VCE. COLLECTOR EMITTER VOLTAGE (VOLTS) 2 CURRENT GAIN 


BUT15 


TYPICAL CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 



1 2 3 4 7 10 20 30 40 60 

IC, COLLECTOR CORRENT (AMPS) 


FIGURE 2 - COLLECTOR SATURATION REGION 



IB. BASE CURRENT lAMPSI 


CURE 3 - COLLECTOR-EMITTER SATURATION VOLTAGE 


FIGURE 4 - BASE-EMITTER VOLTAGE 




FIGURE 5 - THERMAL RESPONSE 


3 
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FR, FORWARD RECOVERY TIME (//Si Vdyn. FORWARD MODULATION VOLTAGE IVOLTSi 


FREE-WHEEL DIODE CHARACTERISTICS 


FIGURE 10 - FREE WHEEL DIODE MEASUREMENTS 


FIGURE 1 1 - FORWARD VOLTAGE 


FIGURE 1 2 - FORWARD MODULATION VOLTAGE 
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lE, EMITTER CURRENT lAMPS) 

FIGURE 14 - FORWARD RECOVERY TIME 
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Vec. emitter COLLECTOR VOLTAGE (VOLTS) 

FIGURE 1 3 - PEAK REVERSE RECOVERY CURRENT 
I I 



lE. EMITTER CURRENT (AMPSI 

FIGURE 1 5 - REVERSE RECOVERY TIME 
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The Safe Operating Area figures shown in Figures 1 6 and 1 7 
are specifed for these devices under the test conditions shown. 



1 5 10 30 100 300 1000 

VCE. COLLECTOR EMITTER VOITAGE (VOLTS) 


FIGURE 1 7 - REVERSE BIAS SAFE OPERATING AREA 



VCE. COLLECTOR EMITTER VOITAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations.on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC'VCE 
limits of the transistor that must be observed for reliable 
operation, i.e., the transistor must not be subject to 
grater dissipation than the curves indicate. 

The data of Figure 16 is based on Tq = 25®C; Tj(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 6 may be found 
at any case temperature by using the appropriate curve 
on Figure 18. 

Tjipk) may be calculated from the data In Figure 5. At 
high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means sijch 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 1 7 gives the RBSOA characteristics. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The BUT 16 Darlington transistor is desigried for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for line-operated switchmode 
applications such as: 

• AC and DC Motor Controls 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Fast Turn-Off Times 

2.0 uS Inductive Fall Time at 100°C (Typ) 

0.8 uS Inductive Storage Time at 100°C (Typ) 

• Operating Temperature Range -65 to 175°C 


MAXIMUM RATINGS 


Rating 

— 

Symbol 

BUT16 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

1000 

Vdc 

Collector-Emitter Voltage 

VCEV 

1400 

Vdc 

Emitter Base Voltage 

Veb 

10 

Vdc 

Collector Current 



Adc 

- Continuous 

•c 

12 


- Peakd) 

•cm 

20 


Base Current 



Adc 

- Continuous 

•b 

8 


- Peakd) 

•bm 

10 


Free Wheel Diode : 



Adc 

Forward current - Continuous 

If 

12 


- Peak 

•fm 

20 


Total Power Dissipation @ Tq = 25°C 

Pd 

150 

Watts 

@Tc = 100°C 


75 


Derate above 25°C 



W/°C 

Operating and Storage Junction 

^J' Tstg 



Temperature Range 

- 65 to -1-175 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

— 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

R0JC 

1.0 

‘»C/W 

Maximum Lead Temperature 
for Soldering Purpose: 

1/8" from Case for 5 Seconds 

Tl 

1 

275 

°c 


(1) Pulse Test. Pulse Width = 5 ms, Duty Cycle ^ 10%. 


O 




Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet permits the 
design of most circu,its entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 




NOTES 

1 DIMENSIONS Q AND V ARE DATUMS 

2 m IS SEATING PLANE AND DATUM 

3 POSITIONAL TOLERANCE FOR 
MOUNTING HOLE 0 

I ♦ I > 13 10005)© I T I 

FOR LEADS 

I ♦ I 113 (0.005)© T I V©| Q©| 

4 DIMENSIONS AND TOLERANCES PER 
ANSI Y14 5, 1973 


DIM 

MILLIMETERS 

INC 

HES 

MIN 1 MAX 

Misn 

MAX 

ia“ 

39.37 


1 550 

B 

1 21.08 


0 830 

c 

6 3S 7.62 

0.250 

0.300 

nr 

0.97 1 1.09 

0038 

0 043 

E 

- 1 3.43 


0.135 

f 

30 15 BSC 

1.187 BSC 

G 

10 92 BSC 

0.430 BSC 

H 

5 46 BSC 

0 215 BSC 

J 

16.83 BSC 

0.665 BSC 

K 

11.18] 12.19 

04401 0.480 

0 

3.81 1 4.19 

0.150 0.165 

R 

26 67 


U 

4.83 5.33 

0 190 0.210 

__vj 

3,81 1 4 19 

0.150 1 0 165 


CASE 1-05 TO 3 
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BUT16 


ELECTRICAL CHARACTERISTICS {TC = 25°C unless otherwise noted) 

. Characteristic j Symbol I Min 1 Typ 1 Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1 ) 
dC = 1 00 mA. IB = 0) 

VCEO(sus) 

1000 

_ 

_ 

Vdc 

Collector Cutoff Current 

ICEV 




mAdc 

(VCEV = Rated Value. VBE(off) = 15 Vdc) 


_ 

- 

0.1 


(VCEV = Rated Value, VBE(off) =15 Vdc, Tc = 100°C) 



- 

2.0 


Emitter Cutoff Current 

lEBO 




mAdc 

(VEB = 2.0 V, IC = 0) 



- 

175 



SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•S/b 


See Figure 1 6 

1 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 


See Figure 1 7 



ON CHARACTERISTICS (1) 


DC Current Gain 
dC = 4 A, VCE = 5 V) 
dC = 8 A, VCE = 5 V) 

hFE 

20 

5 

- 

- 


Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

dC = 12 A, IB = 6 A) 


- 

- 

5.0 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 8 A, IB = 1 .6 A) 

’ 


- 

- 

3.3 


Diode Forward Voltage 

1 

Vf 




Vdc 

(IF = 12 A) 



- 

4.0 



SWITCHING CHARACTERISTICS 

Inductive Load, Clamped (Table 1) 


Storage Time 

TC = 25°C 

See Table 1 

ts 

- 

- 

3.3 

fiS 

Fall Time 

IC = 8 A 

tf 

- 

. - 

1.5 

fIS 

Storage Time 

Tc = 100°C 

IB1 = 1.6 A 

ts 

- 

2.0 

-----J 

^s 

Fall Time | 

VBE(off) = 5 V ! 

tf 

- 

0.8 

1 

fiS 


(1) Pulse Test: PW - 300 /iS, Duty Cycle ^ 2 %. 
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RESISTANCE (NORMALIZED) Vqe. COLLECTOR EMITTER VOLTAGE (VOLTS) T, HfE. DC CURRENT GAIN 


BUT16 


TYPICAL CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - COLLECTOR SATURATION REGION 




1 .2 .3 B 1 2 3 5 

IB. BASE CURRENT (AMPS) 


IGURE 3 - COLLECTOR-EMITTER SATURATION VOLTAGE 


FIGURE 4 - BASE-EMITTER VOLTAGE 



1 2 3 5 7 10 20 30 50 

IC. COLLECTOR CURRENT (AMPS) 



1 2 3 5 7 10 20 30 

IC. COLLECTOR CURRENT (AMPS) 


FIGURE 5 - THERMAL RESPONSE 
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BUT16 


Th« 8af« Oparsting Araa figuraa ahown In FIguraa 1 6 and 1 7 
ara apacifad for thaaa davleaa undar tha taat condltiona shown. 



1 5 to 30 100 300 1000 

VcE, COLLECTOR EMITTER VOLTAGE (VOLTS) 



0 200 600 1000 1400 

VcE. COLLECTOR EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq-Vce 
limits of the transistor that must be observed for reliable 
operation, i.e.. the transistor must not be subject to 
grater dissipation than the curves indicate. 

The data of Figure 1 6 is based on Tq = 25®C; Tjip^) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq 2: 25^C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 6 may be found 
at any case temperature by using the appropriate curve 
on Figure 18. 

Tjlpk) calculated from the data in Figure 5. At 

high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off, This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 1 7 gives the RBSOA characteristics. 



0 40 80 120 160 200 

IC, CASE TEMPERATURE l°Cl 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BUT33 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 


The BUT 33 Darlington transistor is designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for line operated switchmode 
applications such as: 

• AC and DC Motor Controls 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Fast Turn Off Times 

800 nS Inductive Fall Time at 2 5°C (Typ) 

2.0 //S Inductive Storage Time at 25°C (Typ) 

• Operating Temperature Range - 65 to 200°C 



MAXIMUM RATINGS 


Rating 

Symbol 

BUT33 


Collector Emitter Voltage 

VCEO(sus) 

400 


Collector Emitter .Voltage 

'^CEV 

600 


Emitter Base Voltage 

^EB 

10 


Collector Current 




Continuous 

'C 



Peakd ) 

'cm 



Base Current 




Continuous 

•b 



Peakdl 

•bm 



Tree Wheel Diode 




Forward current Continuous 

•f 



Peak 

'fm 



Total Power Dissipation (r^ T^ 25''C 

Pd 



Tc 100‘'C 




Derate above 2 5"C 




Operating and Storage Junction 

^J' ^sfg 


'■C 

Temperature Range 

65 to * 200 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

RGJC 

0.7 

mu 

Maximum Lead Temperature 
for Soldering Purpose 

1/8" from Case for 5 Seconds 

Tl. 

275 



(1) Pulse Test. Pulse Width - 5 ms. Duty Cycle 10%. 


56 AMPERES 

NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 

600 VOLTS 
250 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet permits the 
design of most circuits entirely fronn 
the information presented. Limit data 
— representing device characteristics 
boundaries - are given to facilitate 
"worst case” design. 




PIN 1. BASE 


2. EMITTER 
CASE. COLLECTOR 







Em 


KTM 


n 

mm 



■Mil 


Mm 

















BBS 

Egg 









MtzyJtu 

EdU 





E^i 

n 




iifiiai 

n 













rnmm 



CASE 197 01 

MODIFIED TO 3 
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BUT33 


ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic | Symbol | Min [ Typ [ Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 
dC - 100 mA, IB = 0) 

VCEO(sus) 

400 


__ 

Vdc 

Collector Cutoff Current 

ICEV 




mAdc 

(VCEV = Rated Value, VBEloff) 15 Vdc) 


- 

- 

0.2 


(VCEV = Rated Value, VBE(off) ^ 15 Vdc, Tc 100°C) 


- 

- 

4.0 


Emitter Cutoff Current 

lEBO 




mAdc 

(Veb = 2.0 V, IC - 0) 


- 

- ' 

350 



SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

IS/b 


See Figure 1 6 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 


See Figure 1 7 



ON CHARACTERISTICS (1) 


DC Current Gam 
dC - 20 A, VCE - 5 V) 
dC - 36 A, VCE - 5 V) 

hFE 

30 

20 

- 

- 


Collector Emitter Saturation Voltage 

VCE(satl 




Vdc 

dC - 20 A, IB - 1 A) 


- 

- 

2.0 


dC = 36 A, IB - 3.6 A) 


_ 

- 

2.5 


dC - 44 A, IB - 4.4 A) 


- 

- 

3.0 


dC = 56 A, IB = 1 1.2 A) 


- 

- 

5.0 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 20 A. IB 1 A) 


- 

— 

2.5 


(IC - 36 A, IB = 3.6 A| 


- 

— 

2.9 


dC - 44 A, IB " 4 4 A) 


_ 

- 

3.3 


Diode Forward Voltage j 

Vf . 




Vdc 

(IF = 44 A) j 


- 

- 

4 0 



SWITCHING CHARACTERISTICS 

Inductive Load, Clamped (Table 1) 


Storage Time 

IC - 36 A 

Z'" See Table 1 'B ^ 3.6 A 

VBEIoffI - 5 V 

ts 

- 

2.0 

3.3 

MS 

Fall Time 

tf 

-* 

0.8 

1 .6 

MS 

Storage Time 

ts 

- 

2.2 

- 

MS 

Fall Time 

tf 

- 

0.8 

- 

MS 


(1) Pulse Test; PW - 300 ^is, Duty Cycle ^ 2%. 
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Hfe DC CURRENT CAIN 


‘TYPICAL CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 



FIGURE 2 ~ COLLECTOR SATURATION REGION 



2 3 5 1 2 3 5 

IB BASE CURRENT lAMPSi 


FIGURE 3 - COLLECTOR EMITTER SATURATION VOLTAGE 


FIGURE 4 - BASE EMITTER VOLTAGE 



3 5 / ;0 20 30 50 

IC CmiECTOR CURRENT lAVPS. 



2 3 , 5 T 10 20 30 

IL collector CURRENT lAMPS: 


FIGURE 5 - THERMAL RESPONSE 










BUT33 


FREE WHEEL DIODE CHAI 


FIGURE 10 - FREE WHEEL DIODE MEASUREMENTS 



FIGURE 1 1 - FORWARD VOLTAGE 









BUT33 


The Safe Operating Area figures shown in Figures 16 and 17 SAFE OPERATING AREA INFORMATION 

are speeded for these devices under the test conditions shown. 


3 


FIGURE 16 - SAFE OPERATING AREA 



VrF COlUClOR £MITTFR VOlTAGf (VOITS) 



0 200 400 600 

VCE COllfCTOR EMITTFR VOLTAGE (VOlTSi 


FORWARD BIAS 

There are two limitations* on the power handling ability 
of a transistor : average junction temperature and second 
breakdown. Safe operating area curves indicate Iq-Vce 
limits of the transistor that must be observed for reliable 
operation, i.e., the transistor must not be subject to 
grater dissipation than the curves indicate. 

The data of Figure 16 is based on Tq = 25®C; Tj(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when T^ — 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 6 may be found 
at any case temperature by using the appropriate curve 
on Figure 18. 

Tj(pk) may be calculated from the data in Figure 5. At 
high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 1 7 gives the RBSOA characteristics. 



0 40 80 120 160 200 

IC. CASE TEMPERATURE ' Cl 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The BUT 34 Darlington transistor is designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for line-operated switchmode 
applications such as: o 

• AC and DC Motor Controls J 

• Switching Regulators o— | J 

• Inverters m | 

• Solenoid and Relay Drivers ** T ^ 

• Fast Turn-Off Times i-wv-4 I 

0.7 uS Inductive Fall Time at 25°C (Typ) " ® 

1 .8 uS Inductive Storage Time at 25°C (Typ) 

• Operating Temperature Range -65 to 200°C 


MAXIMUM RATINGS 


Rating 

Symbol 

BUT34 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

500 

Vdc 

Collector Emitter Voltage 

VCEV 

850 

Vdc 

Emitter Base Voltage 

Veb 

10 

Vdc 

Collector Current 



Adc 

Continuous 

•c 

50 


- Peak(l) 

'cm 

75 


Base Current 



Adc 

- Continuous 

•b 

10 


- Peakd) 

'bm 

15 


Free Wheel Diode ; 



Adc 

Forward current - Continuous 

If 

50 


- Peak 

•fm 

75 


Total Power Dissipation (® = 25°C 

Pd 

250 

Watts 

(gTc = lOO'^C 


140 


Derate above 25°C 



W/°C 

Operating and Storage Junction 

^J' l^stg 


°c 

Temperature Range 

- 65 to -t-200 



THERMAL CHARACTERISTICS 



Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

RGjc 

0.7 

°C/W 

Maximum Lead Temperature 
for Soldering Purpose: 

1/8” from Case for 5 Seconds 

Tl 

275 

°c 
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BUT34 


EtECTBICAt CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic j Symbol | Min j Typ | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 
dC = 100 mA, IB = 0) 

VCEO(sus) 





Collector Cutoff Current 

•CEV 





(VCEV = Rated Value, VBE(off) = 1-5 Vdc) 


- 

- 



(VCEV = Rated Value, VBE(off) =15 Vdc, Tc = 100®C) 


- 

- 



Emitter Cutoff Current 

»EB0 




mAdc 

(VEB = 2.0 V, IC = 0) 


- 

- 




SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•S/b 


See Figure 16 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 


See Figure 1 7 



ON CHARACTERISTICS (1 ) 


DC Current Gain 
(IC - 16 A, VCE = 5 V) 

(IC = 32 A, VCE = 5 V) 

hFE 

30 

15 

- 

- 


Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

dC = 16 A, IB = 0.8 A) 


- 

- 

2.0 


dC = 32 A, IB - 3.2 A) 


- 

- 

3.0 


(IC = 40 A, IB = 4 A) 


- 

- 

3.5 


dC - 50 A, IB -- 1 0 A) 


- 

- 

5.0 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC - 16 A, IB = 0.8 A) 


- 

- 

2.5 


dC = 32 A, IB -- 3.2 A) 


- 

- 

2.9 


dC = 40 A, IB = 4 A) 


- 

- 

3.3 


Diode Forward Voltage 

Vf 




Vdc 

(IF = 40 A) 



- 

4.0 



40'’C 


SWITCHING CHARACTERISTICS 

Inductive Load, Clamped (Table 1) 


Storage Time 

TC = 

25"C 

See Table 1 

ts 

- 

1.8 

3.0 

AS 

Fall Time 

IC = 32 A 

tf 

- 

0.7 

1.5 

AS 

Storage Time 

TC = 

lOO^C 

IB1 = 3.2 A 

ts 

- 

2.2 

- 

AS 

Fall Time 

VBE(off) - 5 V 

tf 

- 

0.8 

- 

AS 


(1) Pulse Test: PW = 300 /iS, Duty Cycle S 2%. 
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rit). EFFECTIVE TRANSIENT THERMAL 

RESISTANCE INORMAllZEDl VCE- COLLECTOR EMITTER VOLTAGE IVOITS) j HfE DC CURRENT GAIN 


BUT34 


TYPICAL CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 



1 2 3 4 7 10 20 30 40 60 

IC. COLLECTOR CURRENT lAMPSI 


GURE 3 - COLLECTOR EMITTER SATURATION VOLTAGE 


FIGURE 2 - COLLECTOR SATURATION REGION 



I 2 3 5 1 2 3 5 7 10 

IB. BASE CURRENT lAMPSi 


FIGURE 4 - BASE EMITTER VOLTAGE 



I 2 3 5 7 10 20 30 50 


IC COLLECTOR CURRENT (AMPSI 



1 2 3 5 7 10 20 30 50 

IC COLLECTOR CURRENT lAMPSi 


FIGURE 5 - THERMAL RESPONSE 
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FREE-WHEEL DIODE CHARACTERISTICS 


FIGURE 10 - FREE WHEEL DIODE MEASUREMENTS 


FIGURE 1 1 - FORWARD VOLTAGE 
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6^ 
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1 
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1 


FIGURE 1 2 - FORWARD MODULATION VOLTAGE 


VfC. emitter collector voltage IVOLTSt 

FIGURE 1 3 - PEAK REVERSE RECOVERY CURRENT 




■ 

1 

TC - 

1 

1 

25"C 

1 


U. EMITTER CURRENT (AMPSI 

FIGURE 14 - FORWARD RECOVERY TIME 


lE. EMITTER CURRENT lAMPSi 

FIGURE 1 5 - REVERSE RECOVERY TIME 













BUT34 


The Safe Operating Area figures shown in Figures 16 and 17 
are specif ed for these devices under the test conditions shown. 



1 5 10 30 100 300 1000 

VCE. COLLECTOR EMITTER VOLTAGE (VOLTS) 



0 200 400 600 850 


VcE. COLLECTOR EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitatibns on the power handling ability 
of a transistor : average junction temperature and second 
breakdown. Safe operating area curves indicate Ic^CE 
limits of the transistor that must be observed for reliable 
operation, i.e., the transistor must not be subject to 
grater dissipation than the curves indicate. 

The data of Figure 1 6 is based on Tq = 25®C ; Tj(p|c) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tc ^ 25®C. Second breakdown limitations 
do not derate the same as thermal limitations, Allowable 
current at the voltages shown on Figure 1 6 may be found 
at any case temperature by using the appropriate curve 
on Figure 18. 

T j(piQ) may be calculated from the data in Figure 5. At 
high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 17 gives the RBSOA characteristics. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The BUT 3 5 Darlington transistor is designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for line-operated switchmode 
applications such as : n 

• AC and DC Motor Controls f 

• Switching Regulators K J 

• Inverters ^ ^ ^ H 

• Solenoid and Relay Drivers ^ — 4 ^ 

• Fast Turn-Off Times ' — — 

550 nS Inductive Fall Time at 25°C (Typ) 

2.5 uS Inductive Storage Time at 25°C (Typ) 

• Operating Temperature Range -65 to 200°C 


MAXIMUM RATINGS 


Rating 

Symbol 

BUT35 

Unit 

Collector Emitter Voltage 

VCEO(sus) 

700 

— 

Vdc 

Collector Emitter Voltage 

VCEV 

1000 

Vdc 

Emitter Base Voltage 

^EB 

10 

Vdc 

Collector Current 



Adc 

- Continuous 

'c 

40 


Peakd) 

•cm 

50 


Base Current 



Adc 

- Continuous 


10 


-- Peakd) 

•bm 

20 


Free Wheel Diode : 



Adc 

Forward current Continuous 


40 


Peak 

•fm 

50 


Total Power Dissipation (a' T q 25"C 

Pd 

250 

Watts 

(®Tc - 100°C 


140 


Derate above 25°C 



W/^’C 

Operating and Storage Junction 

^J' ^stg 


i °C 

Temperature Range 


65 to ^200 

i 


THERMAL CHARACTERISTICS 



Characteristic 

Symbol 

Max 

1 

Unit 

Thermal Resistance, 

Junction to Case 

PQjc 

0.7 

«C/W 

Maximum Lead Temperature 
for Soldering Purpose: 

1/8” from Case for 5 Seconds 


275 

'’C 
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ELECTRJCAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic j Symbol j Min [ Typ [ Max { Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 
dC = 100 mA, IB = 0) 

VCEO(sus) 

700 



Vdc 

Collector Cutoff Current 

ICEV 




mAdc 

(VCEV = Rated Value, VBE(off) = 15 Vdc) 


- 

- 

0.2 


(VCEV = Rated Value, VBE(off) ^15 Vdc, Tc = 100°C) 


- 

- 

4.0 


Emitter Cutoff Current 

lEBO 




mAdc 

(VEB = 2.0 V, IC = 0) 


- 

- 

350 



SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

IS/b 


See Figure 1 6 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 1 


See Figure 1 7 



ON CHARACTERISTICS (1 1 


DC Current Gain 
dC = 12 A, VCE = 5 V) 
dC - 24 A, VCE - 5 V) 

hFE 

30 

15 

- 



Collector Emitter Saturation Voltage 

VCE(sat) 




Vdc 

dC -- 12 A, IB - 0.6 A) 


- 

- 

2.0 


dC = 24 A, IB = 2 4 A) 


- 

- 

3.0 


dC = 32 A, IB - 3.2 A) 


- 


3.5 


dC - 40 A, IB = 8 A) 


- 

-- 

5.0 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 12 A, IB = 0.6 Al 




2.5 


dC - 24 A, IB - 2.4 A) 




2.9 


dC = 32 A, IB - 3.2 A) 


- 


3.3 


Diode Forward Voltage 

Vf 




Vdc 

(IF - 32 A) 



- 

4.0 



SWITCHING CHARACTERISTICS 

Inductive Load, Clamped (Table 1) 


Storage Time 

TC 

25^ 

See Table 1 

ts 

- 

- 

4.0 

pis 

Fall Time 

IC = 24 A 

tf 

- 


1.2 

|/S 

Storage Time 

Tc 

100'^C 

IB1 - 2.4 A 

ts 

- 

2.8 

- 

pis 

Fall Time 

VBE(off) = 5 V 

tf 

- 

0.65 ’ 


pis 


(1) Pulse Test. PW 300 /js, Duty Cycle ^ 2%. 
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VcE COLLECTOR EMITTER VOLTAGE IVOITSI S HfE . DC CURRENT GAIN 


BUT35 


TYPICAL CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 



2 3 4 7 10 20 30 40 60 

IC, COLLECTOR CURRENT lAVPS! 


FIGURE 2 - COLLECTOR SATURATION REGION 



35 1 2 3 5 7 10 

!B. base current (AMPS' 


iURE 3 


- COLLECTOR EMITTER SATURATION VOLTAGE 


FIGURE 4 BASE EMITTER VOLTAGE 



FIGURE 5 - THERMAL RESPONSE 
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BUT35 










FREE-WHEEL 



FIGURE 14 - FORWARD RECOVERY TIME 


IRM PtftK REVESSE RECOVERY CURRENT AMPS! 


CHARACTERISTICS' 













ICM. peak collector current (AMPS) 'C COLLECTOR CURRENT (AMPS) 


BUT35 


The Safe Operating Area figures shown in Figures 1 6 and 1 7 
are specif ed for these devices under the test conditions shown. 



t b 10 30 10(1 300 1000 

VCE. COLLLCTOR LMITTLR VOLTAGE (VOLTS) 



0 200 400 600 BOO 1000 

VcE. COLLECTOR EMITTER VOLTAGE (VOLTSt 


SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor : average junction temperature and second 
breakdown. Safe operating area curves indicate Iq VCE 
limits of the transistor that must be observed for reliable 
operation, i.e., the transistor must not be subject to 
grater dissipation than the curves indicate. 

The data of Figure 1 6 is based on Tc = 25“C ; Tj(p|^) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25‘^C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 6 may be found 
at any case temperature by using the appropriate curve 
on Figure 18. 

T j{pk)Tnay be calculated from the data in Figure 5. At 
high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RG snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 17 gives the RBSOA characteristics. 



0 40 80 120 160 200 

IC. CASE TEMPERATURE ("O 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BUT36 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The BUT 36 Darlington transistor is designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for line-operated switchmode 
applications such as; o 

• AC and DC Motor Controls J 

• Switching Regulators o m \ J 

• Inverters I ^ ^ 

• Solenoid and Relay Drivers ^ T ^ 

• Fast Turn-Off Times 

1 .7 uS Inductive Fall Time at 100°C (Typ) ' ® ^ 

4.5 uS Inductive Storage Time at 100°C (Typ) 

• Operating Temperature Range -65 to 175°C 


MAXIMUM RATINGS 


24 AMPERES 

NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 

1400 VOLTS 
250 WATTS 


Designer's Data for 
"Worst Case" CondKions 

The Designers Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 


Rating 

Symbol 

BUT36 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

1000 

Vdc 

Collector-Emitter Voltage 

VCEV 

1400 

Vdc 

Emitter Base Voltage 

Veb 

10 

Vdc 

Collector Current 



Adc 

- Continuous 

'C 

24 


- Peakd) 

•cm 

40 


Base Current 



Adc 

- Continuous 

•b 

15 


- Peakd) 

•bm 

20 


Free Wheel Diode : 



Adc 

Forward current - Continuous 

•f 

24 


- Peak 

•fm 

40 


Total Power Dissipation @Tq - 25°C 

Pd 

250 

Watts 

(®Tc = 100°C 


125 


Derate above 25°C 



W/®C 

Operating and Storage Junction 

^J' ^stg 


"C 

Temperature Range 

-65 to -t-175 



THERMAL CHARACTERISTICS 



Characteristic 

Symbol 

Max 

Unit 

1 

Thermal Resistance, 

Junction to Case 

R0JC 

0.6 

°C/W 

1 

Maximum Lead Temperature 
for Soldering Purpose: 

1/8" from Case for 5 Seconds 

\ 

275 

®c 
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BUT36 


ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic ( Symbol | Min { Typ [ Max { Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 
dC = 100 mA, IB = 0) 

VCEO(sus) 

1000 



Vdc 

Collector Cutoff Current 

ICEV 




mAdc 

(VCEV = Rated Value, VBE(off) = 15 Vdc) 


- 

- 

0.2 


(VCEV = Rated Value, VBE(off) =15 Vdc, Tc = 100°C) 


- 

- 

4.0 


Emitter Cutoff Current 

•EBO 




mAdc 

(VEB = 2.0 V, IC = 0) 


- 

- 

350 



SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•S/b 


See Figure 1 6 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 


See Figure 1 7 



ON CHARACTERISTICS ( 1 ) 


DC Current Gain 
dC - 8 A, VCE = 5 V) 
dC --- 1 6 A, VCE = 5 V) 

hFE 

20 

5 


- 


Collector Emitter Saturation Voltage 

dC = 24 A, IB = 12 A) 

VCE(sat) 

- 

- 

5.0 

Vdc 

Base Emitter Saturation Voltage 

dC = 16 A, IB - 3,2 A) 

VBE(sat) 

- 


3.3 

Vdc 

Diode Forward Voltage 
(IF - 24 A) 

Vf 

- 


4.0 

Vdc 


SWITCHING CHARACTERISTICS 

Inductive Load, Clamped (Table 1) 


Storage Time 

TC - 

25°C 

See Table 1 

ts 


- 

6.0 

f4S 

Fall Time 

IC = 16 A 

tf 

- 

- 

2.5 

AS 

Storage Time 

TC = 

100°C 

IB1 - 3.2 A 

Is 

- 

4.5 

- 

AS 

Fall Time 

VBE(off) - 5 V 

tf 

- . 

1.7 

- 

AS 


(1) Pulse Test: PW = 300 ^is. Duty Cycle ^2%. 
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BUT36 


The Safe Operating Area figures shown in Figures 1 6 and 1 7 SAFE OPERATING AREA INFORMATION 

are specifed for these devices under the test conditions shown. 


3 



t 5 10 30 100 300 1000 

Vnt. COUECTOR EMIT TER V0( T A(,f (VOLT SI 



0 200 400 600 800 1000 1200 '400 
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FORWARD BIAS 

There are two limitatioils on the power handling ability 
of a transistor : average junction temperature and second 
breakdown. Safe operating area curves indicate Iq-Vce 
limits of the transistor that must be observed for reliable 
operation, i.e., the transistor must not be subject to 
grater dissipation than the curves Indicate. 

The data of Figure 1 6 is based on Tc = 25°C ; T j(pk| is 
variable depending on power level. Second breakdown 
pulse lirhlts are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 6 may be found 
at any case temperature by using the appropriate curve 
on Figure 18 

Tj(pk) may be calculated from the data in Figure 5. At 
high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 17 gives the RBSOA characteristics. 



Ic CASE TEMPERAIURE I Cl 






MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


ADVANCE INFORMATION 


SWITCHMODE* SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 

The BUT50P darlington transistor is designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. It is particularly suited for line operated switch-mode appli- 
cations such as : ^ 

• Switching Regulators ] 

• Inverters o — •-[ J 

• Solenoid and Relay Drivers ^ — T j i 

• Motor Controls H ^ 

• Deflection Circuits — wv — — 


MAXIMUM RATINGS 


Rating 

Symbol 

BUT50P 

Unit 

Collector-Emiter Voltage 

VCEO(sus) 

500 

Vdc 

Collector-Emitter Voltage 

VCEX(sus) 

850 

Vdc 

Collector-Emitter Voltage 

VCEV 

850 

Vdc 

Emitter Base Voltage 

veb 

8 

Vdc 

Collector Current — Continuous 

ic 

8 

Adc 

-Peak (1) 

iCM 

16 


Base Current — Continuous 

•b 

2 

Adc 

- Peak (1) 

•bm 

4 


Free Wheel Diode : 

Forward Current — continous 

If 

8 

Adc 

- peak 

Ifm 

16 


Total Power Dissipation @Tc=25°C 

Pd 

100 

Watts 

@Tc=100°C 

Derate above 25 ®C 


40 

.8 

wrc 

Operating and Storage Junction 

Tj, Tstg 

-65 to + 150 

"C 

Temperature Range 




THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case R0JC ^ -25 

(1 ) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. 
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BUT50P 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
dC = 100 mA, Ib = 0) 


VCEO(sus) 











MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


ADVANCE INFORMATION 


SWITCHMODE* SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 

The BUT51P darlington transistor is designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. It is particularly suited for line operated switch-mode appli- 
cations such as : 


• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 


MAXIMUM RATINGS 

Rating 

Symbol 

BUT51P 

Unit 

Col lector-E miter Voltage 

VCEO(sus) 

500 

Vdc 

Collector-Emitter Voltage 

VCEX(sus) 

850 

Vdc 

Collector-Emitter Voltage 

VCEV 

850 

Vdc 

Emitter Base Voltage 

veb 

8 

Vdc 

Collector Current — Continuous 


ic 

15 

Adc 

-Peak (1) 


ICM 

25 


Base Current — Continuous 


IB 

2.5 

Adc 

- Peak (1) 


IBM 

5 


Free Wheel Diode : 




Adc 

Forward Current — continous 


If 

15 


- peak 


IFM 

25 


Total Power Dissipation @Tc=25°C 


pd 

125 

Watts 

@Tc=100°C 



50 


Derate above 25°C 



1 

W/°C 

Operating and Storage Junction 

Tj, Tstq 

-65 to -1- 150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1 

°C/W 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. 



BUT51P 


15 AMPERES 
NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 

500 VOLTS-Vceo(sus) 

100 WATTS 
850 VOLTS-Vces 



— |-C 

B - 

"1 , 

/-Q 

J 1 


- 

1 

. J 

G-l- — 

K 

1—0 

i 


STYLE I 
I BASE 
2. COLLECTOP 
1. EMITTEH 
4. COLLECTOfl 



MIILMKTEIU 

INC 

HES 

ONN 

MM 

MAX 

MM 

MAX 

* 

20J2 

21.08 

::.800 

OJN 

• 

IS.4I 

IS JO 

0410 

0428 

C 

4.H 

S.0I 

0.1BS 

8488 

" 5 ^ 

)il2 

US 

0440 

8488 

E 

UB 

US 

0.0SI 

8488" 

■ 

SJ1 

S.72 

0.208 


It 

2.41 

IJO 

04SS 


J 

OJI 

0J4 

OJIS 


jr 

12.78 

1S.48 

[ O SOO 


L 

1SJS 

1S.S1 

0|2S 


« 

1^19 

1 12.70 

0.480 


a 

1J4 

4.11 

0.1S8 



Cate 340-01 
TO-218AC 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BUVION 



SWITCHMODE* SERIES 
NPN SILICON POWER TRANSISTOR 


. . . designed for high current, high speed, high power applications. 


• HFe min. ; 20 at Ic = 10 A 

• Tp max. = 0.45/xsat lc = 15 A 

• Equivalent to BDY58 


MAXIMUM RATINGS 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

125 

Vdc 

Collector-Base Voltage 

VCBO 

160 

Vdc 

Emitter-Base Voltage 

vebo 

7 

Vdc 

Collector-Emitter Voltage (V 0 e = — 1 .5 V) 

VCEX 

160 

Vdc 

Collector-Emitter Voltage (Rbe = 100^2) 

VCER 

140 

Vdc 

Collector-Current — continuous 

Ic 

25 

Adc 

— peak (pw< 10 ms) 

ICM 

30 

Apk 

Base-Current continuous 

Ib 

6 

Adc 

Total Power Dissipation @Tc =25°C 

pd 

175 

Watts 

Operating and Storage Junction 

^J.Tstg 


°c 

Temperature Range 

-65 to 200 



THERMAL CHARACTERISTICS 


25 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

125 VOLTS 
175 WATTS 




























































BUV10N 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF CHARACTERISTICS* 

Col lector- Emitter Sustaining Voltage 
dC = 200 mA. Ib = 0. L = 25 mH) 

VcEO(sus) 

125 


Vdc 

Collector Cutoff Current at Reverse Biais: 

(Vce = 160V. Vbe = -1-5 V) 

(VcE = 160 V, Vbe = -1-5 V, Tq = 125°C) 

•CEX 


1.5 

6 

mAdc 

Collector-Emitter Cutoff Current 
(VcE = 100V) 

•CEO 


1.5 

mAdc 

Emitter-Base Reverse Voltage 
(Ie= 50 mA) 

vebo 

7 


V 

Emitter-Cutoff Current 
(Veb=5 V) 

•ebo 


0.5 

mAdc 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 
(Vce = 20 V, t = 0.5s) 

(Vce= 48 V,t = 0.5s) 

•s/b 

8.75 

1.0 


Adc 


ON CHARACTERISTICS^ 


DC Current Gain 

(IC = 10A, Vce=4 V) 

(IC = 20A, Vce=4 V) 

hpE 




Collector-Emitter Saturation Voltage 

VCE (sat) 



Vdc 

(IC = 10 A, lB = 1 A) 



1 


(IC = 20A, Ib=2 A) 



2.0 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

o 

II 

o 

> 

do" 

11 

> 



1.5 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

It 



MHz 

(VcE = 15 V, Ic = 1 A, f =4 MHz) 


10.0 




SWITCHING CHARACTERISTICS (Resistive Load) 



Ic = 15 A, Ibi = Ib2 = 1-5 A, 

(Vcc= 75 V, RC=5n) 

Ion 


1.0 

Ats 


ts 


1.55 


Fall Time 

tf 


0.45 



Pulse Test: Pulse Width <300 /is. Duty Cycle <20/o. 































































V, VOLTAGE (V) IC. COLLECTOR CURRENT (A) 


BUV10N 


FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 



1 10 100 125 


VcE, COLLECTOR EMITTER VOLTAGE (V) 


FIGURE 3 - "ON" VOLTAGES 



There are two limitations on the power handling ability of a 
transistor : average junction temperature and second break- 
down. Safe operating area curves indicate Ic-VcE Mfnits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa- 
tion than the curves indicate. 

The data of figure 2 is based on Tc = 25° C; Tj(pk) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 

At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415A) 


FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 



FIGURE 4 - DC CURRENT GAIN 



FIGURE 6 - SWITCHING TIMES TEST CIRCUIT 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BUVll 




SWITCHMODE^ SERIES 
NPN SILICON POWER TRANSISTOR 

. . . designed for high current, high speed, high power applications. 

• High DC current gain: HFE min. = 20 at Ic = 6 A 

• Low VcE(sat). VcE(sat) max. = 0.6 V at Ic = 6 A 

• Very fast switching times: 

Tp max. = 0.8 /xs at lc=12A 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

200 

Vdc 

Collector-Base Voltage 

VCBO 

250 

Vdc 

Emitter-Base Voltage 

Vebo 

7 

Vdc 

Collector-Emitter Voltage (V0 e = — 1 .5 V) 

VCEX 

250 

Vdc 

Collector-Emitter Voltage (Rbe = 100l2) 

VCER 

240 

Vdc 

Collector-Current — continuous 

•c 

20 

Adc 

— peak (pw <10 ms) 

•cm 

25 

Apk 

Base-Current continuous 

•b 

4 

Adc 

Total Power Dissipation @Tc =25°C 

pd 

150 

Watts 

Operating and Storage Junction 

Temperature Range 

Tj.Tstg 

-65 to 200 

°C 


THERMAL CHARACTERISTICS 



20 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

200 VOLTS 
150 WATTS 
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BUV11 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF CHARACTERISTICS^ 

Collector-Emitter Sustaining Voltage 
(IC = 200 mA. Ib= 0, L = 25 mH) 

VCEO(sus) 

200 


Vdc 

Collector Cutoff Current at Reverse Biais: 

(Vge=250V, Vbe = -1-5 V) 

( VcE = 250 V. Vbe = -1 .5 V, Tc = 1 25°C) 

•CEX 


1.5 

6 

mAdc 

Collector-Emitter Cutoff Current 
(VcE = 160 V) 

•CEO 


1.5 

mAdc 

Emitter-Base Reverse Voltage 
(lE=50mA) 

Vebo 

7 


V 

Emitter-Cutoff Current 
(Veb = 5V) 

•ebo 


1.0 

mAdc 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 
(VcE= 30V.t = 1s) 

(VcE = 140 V, t = 1 s) 

•s/b 

5.0 

0.15 


Adc 


ON CHARACTERISTICS^ 


DC Current Gain 

(10 = 6A. Vce=2V) 

(IC = 12A. Vce=4 V) 

hpE 

20 

10 

60 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

(IC= 6 A. Ib=0.6 A) 



0.6 


(IC = 12 A, Ib = 1.5 A) 



1.5 


Base-Emitter Saturation Voltage 

Vb e (sat) 



Vdc 

{IC = 12 A. Ib = 1.5A) 



1.5 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 




MHz 

(VcE = 15 V, Ic = 1 A, f =4 MHz) 


8.0 




SWITCHING CHARACTERISTICS (Resistive Load) 


Turn on Time 

IC = 12A. IBI =Ib2=1-5 A. 

(Vcc=150 V, RC = 12.5 Q.) 

Ion 


0.8 

Als 

Storage Time 

ts 


1.8 


Fall Time 

tf 


0.4 



^ Pulse Test: Pulse Width <300jLls, Duty Cycle <2®/o. 
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V, VOLTAGE (V) Ig, COLLECTOR CURRENT (A) 


BUV11 



1 10 100 200 
VcE, COLLECTOR EMITTER VOLTAGE IV) 


FIGURE 3 - 'ON ' VOLTAGES 



There are two limitations on the power handling ability of a 
transistor; average junction temperature and second break- 
down. Safe operating area curves indicate Ic VCE limits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa- 
tion than the curves indicate. 

The data of figure 2 is based on Tc = 25° C; Tj(pk) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 

At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown, (See AN415A) 


FIGURE 5 - SWITCHING TIMES VERSUS COLLECTOR CURRENT 



FIGURE 4 - DC CURRENT GAIN 


FIGURE 6 - SWITCHING TIMES TEST CIRCUIT 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



NPN SILICON POWER METAL TRANSISTOR 


. . . designed for high speed, high current, high power applications. 


• High DC Current gain - HpE min 20 @ Ic = 8 A 

• Very fast switching times 

tp max, = 0.25 //s @ Iq = 15 A 

• Low VcE{sat)‘ VcE{sat) niax. = 0.6 V, @ Iq = 8A 

• High VcEQ: 160 V. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Ck>llector-Emitter Voltage 

VcEO(sus) 

160 

Vdc 

Collector-Base Voltage 

VCBO 

220 

Vdc 

Emitter-Base Voltage 

Vebo 

7 

Vdc 

Collector-Emitter Voltage (Vbe = -1 .5 V) 

VCEX 

220 

Vdc 

Collector-Emitter Voltage (RbE ~ 100J7) 

VCER 

200 

Vdc 

Collector-Current - continuous 

«C 

20 

Adc 

— peak (pw < 10 ms) 

•cm 

25 

Apk 

Base-Current continuous 

'b 

5 

Adc 

Total Power Dissipation @ Tq = 25 °C 

Pd 

150 

Watts 

Operating and Storage Junction 

Tj. Tstg 


°C 

Temperature Range 

-65 to 200 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max. 

Unit 

Thermal Resistance, Junction to Case 

®JC 

1.17 

°C/W 


3 



NPN SILICON 
POWER 

METAL TRANSISTOR 

20 AMPERES 




STYLE 1: 

PIN 1. BA,SE 
2. EMITTER 
CASE-COLLECTOR 
STYLE 2: 

PIN 1. BASE 

2. COLLECTOR 
CASE-EMITTER 


DIM 

MILLIM 

.TERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

B 



~ 

IHifcltoMl 

C 

6.35 

11.43 

0.250 

0.450 

D 

0.97 

1.09 

0.038 

MliHcll 

E 

- 

3.43 , 

- 

0.135 

F ' 

29.90 

30.40 

1,177 

1.197 


10.67 

11.18 

lijEWiii 

0.440 

Eol 

5.21 

6,72 

0.205 

jjiitofeil 

■jn 

16.64 

17.15 

0.655 

0.675 

K 

7.92 

- 

0.312 

- 

Q 

3.84 

4,09 


IfillHiH 

s 

- 

13.34 

- 

0.525 

T 

- 

4.78 

'H9Hi 



All JEDEC cliinensioiis iiiuJ nutes upply 

CASE 1-03 
(TO-3) 
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ELECTRICAL CHARACTERISTICS (Tc = 25 °C unless otherw 


Characteristic 

OFF CHARACTERISTICS' 

Collector-Emitter Sustaining Voltage 
dc = 200 mA, Ib = 0, L * 25 mH) 

Collector Cutoff Current at Reverse Bias; 

(Vce = 220V. Vbe = -1.5V) 

(VcE “ 220 V, Vbe » -1.5 V. Tc = 125 °C) 

Collector-Emitter Cutoff Current 
(VcE* 130 V) 

Emitter-Base Reverse Voltage 
(Ie = 50 mA) 

Emitter-Cutoff Current 
(Veb = 5V) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 
(VcE = 30 V, t = 1 s) 

{VcE = 140 V, t = 1 s) 

ON CHARACTERISTICS' 

DC Current Gain 

(IC=8 A, Vce = 2 V) 

(IC=15A, Vce = 4V) 

Collector-Emitter Saturation Voltage 
(IC = 8 A, Ib = 0.8 A) 

(IC= 15 A. Ib = 1.88 A) 

Base-Emitter Saturation Voltage 

{IC= 15 A. Ib = 1-88 A) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
( VcE = 1 5 V, Ic = 1 A, f = 4 MHz) 


SWITCHING CHARACTERISTICS (Resistive Load) 


Turn on Time 
Storage Time 
Fall Time 


(IC= 15 A, Ibi = IB2 = 1-88 A. 
Vcc = 30 V, RL 2n) 


Pulse Test: Pulse Width < 300 (xs. Duty Cycle <2%. 


noted) 
















t.TIMEU) V, VOLTAGE (V) IC. COLLECTOR CURRENT (A) 


BUV11N 


FIGURE 2- ACTIVE REGION SAFE OPERATING AREA 



0 10 100 160 


VCE, COLLECTOR EMITTER VOLTAGE (V) 


There are two limitations on the power handling ability of a 
transistor; average junction temperature and second break- 
down. Safe operating area curves indicate IC'^QE linnits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa- 
tion than the curves indicate. 

The data of figure 2 is based on Tc = 25°C; Tjjp|<) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 

At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations 
imposed by second breakdown. (See AN415A) 


FIGURE 3 - "ON” VOLTAGES 



1 10 
Ic, COLLECTOR CURRENT (A) 


FIGURE 4 - DC CURRENT GAIN 
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Ic, COLLECTOR CURRENT (Ai 


FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 



Ic, COLLECTOR CURRENT (A) 


FIGURE 6 - SWITCHING TIMES TEST CIRCUIT 



RC Rb Non Tiductive resistances 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 




SWITCHMODE* SERIES 
NPN SILICON POWER TRANSISTOR 


. designed for high speed, high voltage, high power applications. 

High DC current gain : 

HFE min, = 20 at Ic = 5 A 

Very fast switching times: 

Ts max. = 1.5 ps at Ic - 10 A 
Tp max. = 0.5 jUS at Ic = 10 A 


MAXIMUM RATINGS 


Ratinfl 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector-Emitter Voltage (VgE = —1.5 V) 


Collector-Emitter Voltage (RrE = 100^2) 


Collector-Current — continuous 

— peak (pw <10 ms) 


Base-Current continuous 


Total Power Dissipation @Tc = 25 C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


CKaracteristic 


Thermal Resistance, Junction to Case 


Symbol 

Value 

Unit 

VCEO(sus) 

250 

Vdc 

VCBO 

300 

Vdc 

vebo 

7 

Vdc 

Vgex 

300 

Vdc 

VcER 

290 

Vdc 

'C 

20 

Adc 

•cm 

25 

Apk 

'b 

4 

Adc 

pd 

150 

Watts 

^J-^stg 

-65 to 200 

°C 


20 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

250 VOLTS 
150 WATTS 




FIGURE 

- POWER DERATING 
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ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF CHARACTERISTICS* 

Collector-Emitter Sustaining Voltage 
dC =200 mA, iB ^ 0, L = 25 mH) 

VcEO(sus) 

250 


Vdc 

Collector Cutoff Curreht at Reverse Biais: 

(Vce = 300V, VbE = -1.5 V) 

( VcE = 300 V. Vbe = -1 -5 V, Tc = 1 25°C) 

'CEX 


1.5 

6 

mAdc 

Collector-Emitter Cutoff Current 
|Vce=200V) 

•CEO 


1.5 

mAdc 

Emitter-Base Reverse Voltage 
(lE=50mA) 

Vebo 

7 


V 

Emitter-Cutoff Current 
(Veb = 5V) 

•ebo 


1.0 

mAdc 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 
{Vce= 30V,t = 1 s) 

(Vce = 140 V. t = 1 s) 

•s/b 

1 


Adc 


ON CHARACTER ISTICS^ 


DC Current Gain 

(IC= 5A, Vce=4V) 

(IC = 10 A, Vce=4 V) 

hpE 

20 

10 

60 


Collector-Emitter Saturation Voltage 

VC E (sat) 



Vdc 

(IC= 5 A, Ib = 0.5 A) 



1.0 


(IC = 10A, Ib = 1.25 A) 



1.5 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

(IC = 10 A, Ib = 1.25 A), 



1.5 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

fT 



MHz 

(VcE = 15 V, Ic = 1 A, f =4 MHz) 


8.0 




SWITCHING CHARACTERISTICS (Resistive Load) 


Turn on Time 

IC = 10A, iBi =Ib2 = 1-25 A, 

(Vcc = 150 V, RC = 15S2) 

Ion 


0.7 

Ats 

Storage Time 

ts 


1.5 


Fall Time 

tf 


0.5 



^ Pulse Test; Pulse Width ^300 /is, Duty Cycle ^2°/o. 
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V, VOLTAGE (V) Iq, COLLECTOR CURRENT (A) 


BUV12 


FIGUllE 2 - ACTIVE REGION SAFE OPERATING AREA 




1 10 
Ic, COLLECTOR CURRENT (A) 


There are two limitations on the power handling ability of a 
transistor : average junction temperature and second break- 
down. Safe operating area curves indicate IC ^CE limits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa- 
tion than the curves indicate. 

The data of figure 2 is based on Tc = 25° C; Tj(pk) is 
variable depending on power level. Second breakdown, 
limitations do not derate the same as thermal limitations. 

At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415A) 


FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 



Ic, COLLECTOR CURRENT (A) 



100 1 10 
Ic, COLLECTOR CURRENT (A) 


FIGURE 6 - SWITCHING TIMES TEST CIRCUIT 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


SWITCHMODE* SERIES 
NPN SILICON POWER TRANSISTOR 

. . . designed for high speed, high current, high power applications. 

• High DC current gain: 

HFEmin. = 20atlc = 25A 
= 10 at Ic = 50 A 

• LowVcE{sat): 

VcE(sat) niax. = 0.6 V at Ic = 25 A 
= 1.2 Vatic = 50 A 

• Very fast switch ing times : 

Tp = 0.25 jUs at Ic = 50 A 


MAXIMUM RATINGS 



50 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

125 VOLTS 
250 WATTS 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

125 

Vdc 

Collector-Base Voltage 

VCBO 

160 

Vdc 

Emitter-Base Voltage 

Vebo 

7 

Vdc 

Collector-Emitter Voltage (VgE = —1-5 V) 

VcEX 

160 

Vdc 

Collector-Emitter Voltage (Rbe = 100^2) 

VCER 

150 

Vdc 

Collector-Current — continuous 

Ic 

50 

Adc 

— peak (pw^lO ms) 

'CM 

60 

Apk 

Base-Current continuous 

Ib 

10 

Adc 

Total Power Dissipation @Tc = 25°C 

Pd 

250 

Watts 

Operating and Storage Junction 

Tj.Tstg 


°C 

Temperature Range 

-65 to 200 



THERMAL CHARACTERISTICS 
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BUV20 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

^mbol 

Min. 

Max. 

Unit 

OFF CHARACTERISTICS* 

Collector-Emitter Sustaining Voltage 
(IC=200mA. IB = 0. L = 25mH) 




Vdc 

Collector Cutoff Current at Reverse Biais: 

(Vce=140 V, Vbe = -1.5 V) 

(VcE = 140 V, Vbe = -1 .5 V, Tc = 125®C) 

•CEX 

Ill 

3.0 

12 

mAdc 

Collector-Emitter Cutoff Current 
(VcE = 100 V) 

•CEO 


3.0 

mAdc 

Emitter-Base Reverse Voltage 
(Ie =50 mA) 

Vebo 

7 


V 

Emitter-Cutoff Current 
(Veb=5 V) 

•ebo 


1.0 

mAdc 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 
(Vce = 20 V, t = 1 s) 

(VcE=40V,t = 1 s) 

•s/b 

12 

1.5 


Adc 


ON CHARACTERISTICS^ 


DC Current Gain 

(IC = 25A. Vce=2 V) 

{IC = 50A, Vce=4 V) 

hPE 

20 

10 

60 


Collector-Emitter Saturation Voltage 

VCE (sat) 



Vdc 

(IC = 25 A, Ib=2.5A) 



0.6 


(IC=50A, Ib = 5 A) 



1.2 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dC = 50A, Ib =5 A) 



2.0 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

fT 



MHz 

(Vce = 15 V, |0 = 2A, f=4MHz) 


8.0 




SWITCHING CHARACTERISTICS (Resistive Load)/ 


Turn on Time 

IC = 50A, IbI =Ib2= 5 a, 

(Vcc=30V. RC = 0.6 a) 

ton 


1.5 

JUS 

Storage Time 

ts 


1.2 


Fall Time 

tf 


0.25 



^ Pulse Test: Pulse Width <300 jUs, Duty Cycle <20/o. 
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V, VOLTAGE (V) Iq. COLLECTOR CURRENT (A) 


BUV20 



1 10 100 125 

VcE. COLLECTOR EMITTER VOLTAGE (V) 



1 10 
IC, COLLECTOR CURRENT (A) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second break- 
down. Safe operating area curves indicate Iq-VcE limits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to. greater dissipa- 
tion than the curves indicate. 

The data of figure 2 is based on Tc = 25 C; Tj(p|<) is 
variable depending oh power level. Second breakdown 
limitations do not derate the same as thermal limitations. 

At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415A) 


FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 



0 10 20 30 40 50 

IC, COLLECTOR CURRENT (A) 


FIGURE 4 - DC CURRENT GAIN 



FIGURE 6 - SWITCHING TIMES TEST CIRCUIT 




MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


SWITCHMODE* SERIES 
NPN SILICON POWER TRANSISTOR 

. . . designed for high speed, high current, high power applications. 

• High DC current gain; 

HFE min, = 20 at Ic = 12 A 

• Low VcElsat). VcE(sat) max. = 0.6 V at Ic = 8 A 

• Very fast switching times : 

T F max. = 0.4 ps at Ic = 25 A 


MAXIMUM RATINGS 

Rating 

Symbol 

Collector-Emitter Voltage 

VcEO(sus) 

Collector-Base Voltage 

VCBO 

Emitter-Base Voltage 

Vebo 

Collector-Emitter Voltage (V 0 e = —1.5 V) 

VCEX 

Collector-Emitter Voltage (RbE = 100^2) 

VCER 

Collector-Current — continuous 

'C 

— peak (pw <10 ms) 

•cm 

Base-Current continuous 

•b 

Total Power Dissipation @Tc = 25°C 

pd 

Operating and Storage Junction 

Tj'T^stg 

Temperature Range 
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ELECTRICAL CHARACTERISTICS (Tc = 25*^0 unless otherwise noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF CHARACTERISTICS* 

Collector-Emitter Sustaining Voltage 
(lC = 200 mA, lB = 0, L = 25mH) 

VCEO(sus) 

200 


Vdc 

Collector Cutoff Current at Reverse Biais: 

(Vce=250V, Vbe = -1-5 V) 

( VcE = 250 V, Vbe = -1.5 V, Tq = 1 25°C) 

•CEX 


3.0 

12.0 

mAdc 

Collector-Emitter Cutoff Current 
(Vce = 160 V) 

•CEO 


3.0 

mAdc 

Emitter-Base Reverse Voltage 
(lE=50mA) 

^EBO 

7 

.... 

V 

Emitter-Cutoff Current 
<Veb = 5 V) 

•ebo 


1.0 

mAdc 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 
(Vce = 20 V,t = 1 s) 

(Vce = 140 V, t='1 s) 

•s/b 



Adc 


ON CHARACTERISTICS^ 


DC Current Gain 

(IC = 12A, Vce=2V) 

(Ic = 25A,Vce=4 V) 

hpE 




Collector-Emitter Saturation Voltage 

VCE(sat) 

■umiii 


Vdc 

(IC= 12A, Ib = 1,2 A) 



0.6 


(Ic = 25A. Ib = 3A) 



1.5 


Base-Emitter Saturation Voltage 

BE (sat) 



Vdc 

{IC = 25 A, Ib=3 A) 



1.5 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

It 



MHz 

(Vce = 15 V. Ic=2 A, f=4MHz) 


8.0 




SWITCHING CHARACTERISTICS (Resistive Load) 


Turn on Time 

IC = 25A, Ibi =Ib2= 3A, 

(Vcc=100V,RC = 4n) 

Ion 


1.0 


Storage Time 

ts 


1.8 


Fall Time 

tf 


0.4 



Pulse Test; Pulse Width ^300 fls, Duty Cycle ^2^lo. 
































































V, VOLTAGE (V) Iq, COLLECTOR CURRENT (A) 
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FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 



VcE, COLLECTOR EMITTER VOLTAGE (VI 


FIGURE 3 - "ON " VOLTAGES 



There are two limitations on the power handling ability of a 
transistor; average junction temperature and second break- 
down. Safe operating area curves indicate Ic VcE limits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa- 
tion than the curves indicate. 

The data of figure 2 is based on Tc = 25 C; Tj{p|<) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 

At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415A) 


FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 



ic, COLLECTOR CURRENT (A| 


FIGURE 4 - DC CURRENT GAIN 



FIGURE 6 - SWITCHING TIMES TEST CIRCUIT 



10000 /iF 


Vcc = 100 V 
RC = 40 
Rb = 2.2 O 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BUV21N 



SWITCHMODE^ SERIES 
NPN SILICON POWER TRANSISTOR 


. . . designed for high speed, high current, high power and low cost 
applications. 

• High DC current gain : HFE min. = 15 at lc = 20 A 

• LoWVcE(sat): VcE(sat) max. = 1 .0 V at Ic = 20 A 

= 1.8 Vatlc = 40A 

• Very fast switching times ; 

T F max. = 0.2 {is at Ic = 40 A 


MAXIMUM RATINGS 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

160 

Vdc 

Collector-Base Voltage 

VCBO 

220 

Vdc 

Emitter-Base Voltage 

vebo 

7 

Vdc 

Collector-Emitter Voltage (Vbe = —1-5 V) 

VCEX 

220 

Vdc 

Collector-Emitter Voltage (R be = 

VCER 

200 

Vdc 

Collector-Current — continuous 

•c 

40 

Adc 

— peak (pw ^ 1 0 ms) 

ICM 

50 

Apk 

Base-Current continuous 

•b 

10 

Adc 

Total Power Dissipation @Tc = 25°C 

pd 

250 

Watts 

Operating and Storage Junction 

Tj.Tstg 

i 

°C 

Temperature Range 

-65 to 200 



THERMAL CHARACTERISTICS 


40 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

160 VOLTS 
250 WATTS 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min. 

Max. 


OFF CHARACTERISTICS* 

Collector-Emitter Sustaining Voltage 

VCEO(sus) 



Vdc 

dC = 200 mA. Ib = 0, L = 25 mH) 


160 



Collector Cutoff Current at Reverse. Biais: 

•CEX 



mAdc 

(Vce = 220V, Vbe = -1.5V) 





( VcE = 220 V, Vbe = -1 -5 V, Tc = 1 25°C) 





Collector-Emitter Cutoff Current 

•CEO 



mAdc 

(Vce=130 V) 



3.0 


Emitter-Base Reverse Voltage 

vebo 



V 

He =50 mA) 


7 



Emitter-Cutoff Current 

•ebo 



mAdc 

(Veb = 5 V) 



1.0 


SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 

•s/b 



Adc 

(VcE= 25V,t = 0.5s) 


10 



(VcE =140 V,t = 0.5 s) 


0.3 




ON CHARACTERISTICS^ 


DC Current Gain 

(IC = 20A, Vce=4 V) 

(IC=40A, Vce=4 V) 

hpE 

15 

10 

60 


Collector-Emitter Saturation Voltage 

VCE (sat) 



Vdc 

{IC=20 A, Ib = 2A) 



1.0 


(IC=40A, Ib=5A) 



1.8 


Base-Emitter Saturation Voltage 

Vbe (sat) 



Vdc 

(IC=40 A. Ib=5 A) 



2.0 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 




MHz 

(Vce = 15 V, lc = 2A. f=4MHz) 


8.0 




SWITCHING CHARACTERISTICS (Resistive Load) 


Turn on Time 

IC = 40 A. Ibi = Ib2 5 A, 

<Vcc = 30V. RC = 0.75 H) 

ton 


1.2 

iUs 

Storage Time 

ts 


1.0 


Fall Time 

tf 


0.2 



^ Pulse Test: Pulse Width <300 /is, Duty Cycle <20/o. 
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V, VOLTAGE (V) Iq. COLLECTOR CURRENT (A) 


BUV21N 



FIGURE 3 - 'ON " VOLTAGES 



There are two limitations on the povv^r handling ability of a 
transistor: average junction temperature and second break- 
down. Safe operating area curves indicate IC'^Ct bnriits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa- 
tion than the curves indicate. 

The data of figure 2 is based on Tc = 25' C, Tj(p|<) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 

At, high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415A) 


FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 



0 10 20 30 40 50 

IC, COLLECTOR CURRENT (A) 



100 1 10 
IC, COLLECTOR CURRENT (A) 


FIGURE 6 - SWITCHING TIMES TEST CIRCUIT 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



SWITCHMODE^ SERIES 
NPN SILICON POWER TRANSISTOR 


. . . designed for high current, high speed, high power applications. 

• High DC current gain : HFE min. .= 20 at Ic = 10 A 

• Low VcE(sat): VcE(sat) max. = 1.0 V at lc= 10 A 

• Very fast switching times: 

T F max. = 0.35 fis at Ic = 20 A 


MAXIMUM RATINGS 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

125 

Vdc 

Collector-Base Voltage 

VCBO 

300 

Vdc 

Emitter-Base Voltage 

Vebo 

7 

Vdc 

Collector-Emitter Voltage (V0 e = —1.5 V) 

VCEX 

300 

Vdc 

Collector-Emitter Voltage (RrE = 100^) 

VCER 

290 

Vdc 

Collector-Current — continuous 

'C 

40 

Adc 

— peak (pw< 10 ms) 

•cm 

50 

Apk 

Base-Current continuous 

•b 

8 

Adc 

Total Power Dissipation @Tc = 25 °C 

Pd 

250 

Watts 

Operating and Storage Junction 

Tj'Tstg 


°C 

Temperature Range 

-65 to 200 


THERMAL CHARACTERISTICS 
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BUV22 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min. 

Max. 

imon 

OFF CHARACTERISTICS^ 

Collector-Emitter Sustaining Voltage 

VCEO(sus) 



Vdc 

(IC = 200mA, Ib= 0« L = 25mH) 


250 



Collector Cutoff Current at Reverse Biais: 

•CEX 



mAdc 

(VcE = 300 V, Vbe = -1-5 V) 



3.0 


( VCE = 300 V. Vbe = -1 .5 V, Tc = 1 25°C) 



12.0 


Collector-Emitter Cutoff Current 

•CEO 



mAdc 

(Vce=200V) 



3.0 


Emitter-Base Reverse Voltage 

Vebo 



V 

(IE =50 mA) 


7 



Emitter-Cutoff Current 

‘ebo 




{Veb=5 V) 



1.0 

■■i 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 

•s/b 



Adc 

(Vce= 20 V, t = 1 s) 


12 



(Vce='I 40 V, t = 1 s) 


0.15 




ON CHARACTERISTICS^ 


DC Current Gain 

(IC = 10 A, Vce=4 V) 

{Ic = 20A,Vce=4 V) 

UJ 

u. 

JC 


60 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

(IC = 10 A, Ib = 1 A) 



1.0 


(Ic=20A. Ib = 2.5 A) 



1 .5 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

(IC = 40A, Ib = 4A) 



1.5 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

^T 




{Vce = 15 V, lc = 2A, f =4MHz) 


8.0 




SWITCHING CHARACTERISTICS (Resistive Load) 


Turn on Time 

IC- 20A. Ibi =Ib2 = 2.5 A, 
(Vcc=lOOV,RC = 5 H) 

'on 


0.8 


Storage Time 

's 


1.1 


Fall Time 

tf 


0.35 



Pulse Test; Pulse Width OOOjLts, Duty Cycle <2°/o. 
























































V, VOLTAGE (V) V, VOLTAGE (V) IC, COLLECTOR CURRENT {A» 


BUV22 


FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 



FIGURE 3 - "ON " VOLTAGES 



There are two limitations on the power handling ability of a 
transistor; average junction temperature and second break- 
down. Safe operating area curves' indicate IQ-VCE limits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa- 
tion than the curves indicate. 

The data of figure 2 is based on Tc = 25° C; Tj(pi<) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 

At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415A) 


FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 



4 8 12 16 20 24 

(C, COLLECTOR CURRENT (A) 



IC. COLLECTOR CURRENT (Al 


FIGURE 6 - SWITCHING TIMES TEST CIRCUIT 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BUV23 



SWITCHMODE* SERIES 
NPN SILICON POWER TRANSISTOR 


. . . designed for high current, high speed, high power applications. 

• High DC current gain : HFE min. = 15 at lc = 8 A 

• Low VcE(sat)/ VcE(sat) max. = 0.8 V at Ic = 8 A 

• Very fast switching times; 

Tp = 0.4 ps at Ic = 16 A 


MAXIMUM RATINGS 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

325 

Vdc 

Collector-Base Voltage 

VCBO 

400 

Vdc 

Emitter-Base Voltage 

vebo 

7 

Vdc 

Collector-Emitter Voltage (V 0 e = —1.5 V) 

VCEX 

400 

Vdc 

Collector-Emitter Voltage (Rre — lOOfl) 


390 

Vdc 

Collector-Current — continuous 

— peak (pw < 10 ms) 

ic 

•cm 

30 

40 

Adc 

Apk 

Base-Current continuous 

•b 

6 

Adc 

Total Power Dissipation @Tc =25°C 

pd 

250 

Watts 

Op>erating and Storage Junction 

Temperature Range 

Tj-^stg 

-65 to 200 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max. 

Unit 


Thermal Resistance, Junction to Case 



30 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

325 VOLTS 
250 WATTS 



SEATING V II ^ 

t 

PLANE ^ 


J — 


— j 

1 

^ ‘ i 


^ 1 


1 1 

-G| 

STYLE 1: 

PIN 1. BASE 

2. EMITTER 
CASE. COLLECTOR 

1 


S nufTTiimiiagiiaiB 




1 13— iggal 

■ KnCTilBcTiTfil UfilMaiB 
■ ■TTTi gnn TiBtioTii mnTiil 

■ nimwnmtnaBiKriii l 
■ ■nmu iilHliilllMl 
■KTTlglTiflgiTnilMtl-fill 


CASE 197-01 
MODIFIED TO 3 
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BUV23 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF CHARACTERISTICS^ 

Collector-Emitter Sustaining Voltage 

VcEO(sus) 



Vdc 

(IC = 200 mA. Ib=0, L = 25 mH) 


325 



Collector Cutoff Current at Reverse Biais: 

•CEX 



mAdc 

( VcE = 400 V, Vbe = -1 -5 V) 



3.0 


( VCE = 400 V. Vbe = -1 5 V. Tc = 125°C) 



12 


Collector-Emitter Cutoff Current 

•CEO 



mAdc 

(Vce=260V) 



3.0 


Emitter-Base Reverse Voltage 

Vebo 



V 

(Ie= 50 mA) 


7 



Emitter-Cutoff Current 

•ebo 



mAdc 

(Veb=5V) 



1.0 


SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 

•s/b 



Adc 

(VcE= 20 V,t = 1 s) 


12 



(VcE = 140V,t = 1 s) 


0.15 




ON CHARACTERISTICS^ 


DC Current Gain 

(IC= 8A.Vce=4V) 

(•C=16 A.Vce=4 V) 

^^FE 

15 

8 

60 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

0C= 8A, Ib=1.6A) 





(IC = 16A. Ib = 3.2A) 





Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

(tC = 16 A.Ib=3.2 A) 



1.5 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

fT 



MHz 

(Vce = 15 V, lc = 2A,f=4MH2) 


8.0 




SWITCHING CHARACTERISTICS (Resistive Load) 


Turn on Time 

IC = 16A. Ibi =Ib2 = 3.2A. 

(Vcc =100 V.RC =6.25 12) 

ton 


0.8 

/Us 

Storage Time 

ts 


1.8 


Fall Time 

tf 


0.4 



Pulse Test: Pulse Width <300 /Lis. Duty Cycle <20/o. 
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V. VOLTAGE (V) Iq. COLLECTOR CURRENT (A) 


BUV23 


FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 




1 10 
Ic, COLLECTOR CURRENT (A) 


There are two limitations on the power handling ability of a 
transistor ; average junction temperature and second break- 
down. Safe operating area curves indicate Ic-VCE limits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa- 
tion than the curves indicate. 

The data of figure 2 is based on Tc = 25°C; Tj(pk) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 

At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415A) 



0 4 8 12 16 20 

Ic, COLLECTOR CURRENT (A) 


FIGURE 4 - DC CURRENT GAIN 



FIGURE 6 - SWITCHING TIMES TEST CIRCUIT 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


SWITCHMODE* SERIES 
NPN SILICON POWER TRANSISTOR 

. . . designed for high current, high speed, high power applications. 

• Low VcE(sat)» VcE(sat) max- = 1 .0 V at Ic = 12 A 

• Very fast switching times: 

Tp max. = 0.9 jds at Ic = 12 A 


MAXIMUM RATINGS 



3-579 


BUV24 


20 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

400 VOLTS 
250 WATTS 


























































BUV24 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF CHARACTERISTICS^ 

Collector-Emitter Sustaining Voltage 

Uc =200 mA. IB = 0, L = 25 mH) 

VcEO(sus) 

400 


Vdc 


o 

m 

X 



mAdc 

Collector-Emitter Cutoff Current 
(Vce=320V) 

•CEO 


30 

mAdc 

Emitter-Base Reverse Voltage 
{lE=50mA) 

Vebo 

7 


V 

Emitter-Cutoff Current 
(Veb=5V) 

•ebo 

1 

1.0 

mAdc 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 
(VcE= 20 V,t = 1 s) 

(Vce =140 V, t = 1 s) 

•s/b 

12 

0.15 


Adc 


ON CHARACTERISTICS^ 


DC Current Gain 

IIC= 6 A, Vce=4V) 

(IC = 12 A, VcE =4 V) 

hpE 

HI 



Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

(IC= 6A, Ib = 1.2 A) 



0.6 


(IC = 12 A, Ib = 2.4 A) 


mu 

1.0 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

(IC = 12 A, Ib = 2.4 A) 



1.5 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

fT 




(VcE = 15 V, Ic = 2 A, f =4 MHz) 


8.0 




SWITCHING CHARACTERISTICS (Resistive Load) 


Turn on Time 

Ic = 12 A, Ibi = Ib2 = 2.4 A, 

(Vcc=120 V, RC=8.3l2) 

Ion 


1.6 

/is 

Storage Time 

ts 


3.0 


Fall Time 

tf 


0.9 



* Pulse Test: Pulse Width ^300 /Us, Duty Cycle ^2°/o. 
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V, VOLTAGE (V) Iq, COLLECTOR CURRENT (A) 


BUV24 


FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 




IC, COLLECTOR CURRENT (A) 


There are two limitations on the power handling ability of a 
transistor; average junction temperature and second break- 
down. Safe operating area curves indicate Ic VcE limits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa- 
tion than the curves indicate. 

The data of figure 2 is based on Tc = 25' C, Tj(pk) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 

At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415A) 


FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 



FIGURE 4 - DC CURRENT GAIN 



FIGURE 6 - SWITCHING TIMES TEST CIRCUIT 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Designer's Data Sheet 

NPN Silicon Power Transistors 

Switchmode Series 


These transistors are designed for high-voltage, high-speed, power switching in induc- 
tive circuits where fall time is critical. They are particularly suited for line-operated 
switchmode applications. 


Typical Applications; 

• Switching Regulators 

• Inverters 

• Solenoids 

• Relay Drivers 

• Motor Controls 

• Deflection Circuits 


Features; 

• Collector-Emitter Voltage — Vqev = 850 and 1000 

• Fast Turn-Off Times 

140 ns Inductive Fall Time - 100°C (Typ) 

170 & 250 ns Inductive Crossover Time - 100°C (Typ) 
1200 & 1800 ns Inductive Storage Time - 100°C (Typ) 

• 100X Performance Specified for; 

Reverse-Biased SOA with Inductive Load 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

• Extremely High RBSOA Capability 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

BUW11/12 

VcEO(sus) 

400 

Vdc 


BUW11A/12A 


450 


Collector-Emitter Voltage 

BUW11/12 

VcEV 

850 

Vdc 


BUW11A/12A 


1000 


Emitter-Base Voltage ] 

Veb 

10 

Vdc 

Collector Current — Continuous 

BUW11/11A 

'C 

5 

Adc 


BUW12/12A 


8 


— Peak(l) 

BUW11/11A 

•cm 

10 



BUW12/12A 


20 


Base Current — Continuous 

BUW11/11A 

Ib 

2 

Adc 


BUW12/12A 


4 


— Peak(l) 

BUW11/11A 

Ibm 

4 



BUW12/12A 


8 


Total Power Dissipation @ Tq = 

25°C 

Pd 

125 

Watts 

@ Tc = 

100°C 


50 


Derate above Tq = 25°C 



1 

W/°C 

Operating and Storage Junction Temperature Range 

Tj, Tstg 

-55 to +150 

°C 


BUW11,A 

BUW12^A 


POWER TRANSISTORS 
5 and 8 AMPERES 
400 and 450 VOLTS 
125 WATTS 




CASE 340-01 
TO-218AC 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

1 

°C/W 

Lead Temperature for Soldering Purposes: 1/8" from Case for 5 Seconds 

Tl 

275 

X 


(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle « 10%. 
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BUW11,A • BUW12,A 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


1 Characteristic 

Symbol | Min 

Typ 1 Max 

Unit 

OFF CHARACTERISTICS^) 

Collector-Emitter Sustaining Voltage (Table 1) BUW11/12 

dC = 100 mA, IB = 0) BUW11A/12A ! 

VCEO(sus) 

400 

450 





Vdc 

Collector Cutoff Current 
(VcEV = RafecI VcEV' VBE(off) = l-S Vdc) 

(VCEV = Rated VcEV' VBE(off) = l -S Vdc, Tq = lOOX) 

•CEV 

- 

- 

0.1 

1 

mAdc 

Collector Cutoff Current 
(VcE = Rated VcEV* RbE = 50 a, Tq - 100X) 

ICER 

— 

— 

1 

mAdc 

Emitter Cutoff Current 
(Veb = 9 Vdc, Ic = 0) 

>EBO 

— 

— 

0.1 

mAdc 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

•S/b 

See Figures 8 and 9 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figures 10 and 11 


BUW11 

ON CHARACTERISTICS(I) 


Collector-Emitter Saturation Voltage 
dC = 1 Adc, Ib = 0.2 Adc) 
dC = 3 Adc, Ib = 0.6 Adc) 
dC = 3 Adc, Ib - 0.6 Adc, Tc = 100°C) 

VCE(sat) 

- 

- 

— 

1 

1.5 

2 

Vdc 

Base-Emitter Saturation Voltage 

VBEfsat) 




Vdc 

dC = 3 Adc, Ib = 0.6 Adc) 


— 

— 

1.4 1 


dC = 3 Adc, Ib = 0.6 Adc, Tc = 100°C) 


— 

— 

1.4 


DC Current Gain 

hpE 

6 

— 

— 

— 

dC = 3 Adc, VcE = 5 Vdc) 








DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 

125 

— 

pF 

(VcB = 10 Vdc, Ie = 0, ftest = 1 kHz) 







SWITCHING CHARACTERISTICS 


Inductive Load (Table 1) | 

Storage Time 

dC = 3 Adc, 

Ibi = 0.6 Adc, 

VBE(off) = 5 Vdc, 

VCE(pk) = 300 Vdc) 

(Tj = 100X) 

tsv 

- 

1.2 

1.5 

flS 

Fall Time 

tfi 

- 

0.14 

0.3 

Crossover Time 

tc 

- 

0.25 

0.5 

Resistive Load (Table 2) | 

Delay Time 

dC = 3 Adc, 

Vcc = 250 Vdc, 

Ibi = 0.6 Adc, 

PW = 20 (IS, 

Duty Cycle ^ 2%) 

dB2 = 0.6 Adc, 

RB2 = 4 0) 

td 

- 

- 

0.1 

fJiS 

Rise Time 

tr 

- 

_ 

0.8 

Storage Time 

ts 

- 

- 

4 

Fall Time 

tf 

- 

- 

0.8 


(1) Pulse Test: Pulse Width = 300 fis, Duty Cycle « 2%. 
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BUW11,A • BUW12,A 


ELECTRICAL CHARACTERISTICS (Continued) (Jq - 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

BUW11A 

ON CHARACTERISTICS(I) 

Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

dC = 1 Adc, Ib = 0.2 Adc) 

— 

— 

1 


dC = 2.5 Adc, Ib = 0.5 Adc) 


— 

— 

1.5 


dC = 2.5 Adc, Ib = 0.5 Adc, Tc = 100°C) 


— 

— 

2 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 2.5 Adc, Ib = 0.5 Adc) 

— 

♦ — ■ 

1.4 


dC = 2.5 Adc, Ib = 0.5 Adc, Tc = 100X) 


— 

_ 

1.4 


DC Current Gain 

hPE 

6 

— 

— 

_ 

dC = 2.5 Adc, VcE = 5 Vdc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

^ob 


125 

_ , 

PF 

(VcB = 10 Vdc, Ie = 0, ftest = 1 kHz) 







SWITCHING CHARACTERISTICS 


Inductive Load (Table 1) | 

Storage Time 

dC = 2.5 Adc, 

IBI = 0.5 Adc, 

VBE(off) = 5 Vdc, 

VCE(pk) = 300 Vdc) 

(Tj = 100X) 

tsv 

- 

1.2 

1.5 

(IS 

Fall Time 

tfi 

- 

0.14 

0.3 

Crossover Time 

1c 

- 

0.25 

0.5 

Resistive Load (Table 2) | 

Delay Time 

dC = 2.5 Adc, 

Vcc = 250Vdc, 

Ibi = 0.5 Adc, 

PW = 20 fis, 

Duty Cycle 2%) 

(IB2 = 0.5 Adc, 

RB2 = 4 ft) 


- 

- 

0.1 

IMS 

Rise Time 

tr 

- 

- 

0.8 

Storage Time 

Is 

— 

— 

4 

Fall Time 

tf 

- 

- 

0.8 


(1) Pulse Test: Pulse Width = 300 /xs. Duty Cycle ^ 2%. 
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BUW11,A • BUW12,A 


ELECTRICAL CHARACTERISTICS (Continued) (Tq = 25°C unless otherwise noted) 


Characteristic 


Symbol 


Typ 


Max 


Unit 


BUW12 

ON CHARACTERISTICS^) 


Collector-Emitter Saturation Voltage 
dC = 3 Adc, IB = 0.6 Adc) 
dC = 6 Adc, Ib = 1.2 Adc) 
dC = 6 Adc, Ib = 1.2 Adc, Tc = 100°C) 

VCE(sat) 


- 

1 

1.5 

2 

Vdc 

Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 6 Adc, Ib = 1.2 Adc) 1 


— 

— 

1.5 


dC = 6 Adc, Ib = 1.2 Adc, Tc = 100°C) 


— 

— 

1.5 


DC Current Gain 

hpE 

6 

— 

_ 

— 

dC = 6 Adc, VcE = 5 Vdc) , 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 

125 

— 

PF 

(VcB = 10 Vdc, Ie = 0, ftest = 1 kHz) ! 







SWITCHING CHARACTERISTICS 


Inductive Load (Table 1) | 

Storage Time 

dC = 6 Adc, 

Ibi = 1.2 Adc, 

VBE(off) = 5 Vdc, 

VCE(pk) = 300 Vdc) 

(Tj = 100X) 

tsv 

— 

1.8 

2.3 

/xs 

Fall Time 

tf. 

- 

0.14 

0.3 

Crossover Time 

tc 

- 



Resistive Load (Table 2) | 

Delay Time 

dC = 6 Adc, 

Vcc = 250 Vdc, 

Ibi = 1.2 Adc, 

PW = 20 /xs. 

Duty Cycle 2%) 

(IB2 = 1.2 Adc, 

RB2 = 4 ft) 

td 

- 

- 

0.1 

/xs 

Rise Time 

tr 

— 

- 

0.8 

Storage Time 

.S 

~ 



Fall Time 

'f 

_ 



_ 



0.8 


(1) Pulse Test; Pulse Width = 300 /xs. Duty Cycle ^ 2%. 


BUW12A 

ON CHARACTERISTiCS(l) 


Collector-Emitter Saturation Voltage 
dC = 3 Adc, Ib = 0.6 Adc) 
dC = 5 Adc, Ib = 1 Adc) 
dC = 5 Adc, Ib = 1 Adc, Tq = 100°C) 

VCE(sat) 

- 

- 

1 

1.5 

2 

Vdc 

Base-Emitter Saturation Voltage 

VBEIsat) 




Vdc 

dC = 5 Adc, Ib = 1 Adc) 


— 

— 

1.5 


dC = 5 Adc, Ib = 1 Adc, Tq = 100°C) 


— 

— 

1.5 


DC Current Gain 

hFE 

6 

— 

_ 

— 

dC = 5 Adc, VcE = 5 Vdc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 

125 

— 

pF 

(VcB = 10 Vdc, Ie = 0, ftest = 1 kHz) 







SWITCHING CHARACTERISTICS 


Inductive Load (Table 1) | 

Storage Time 

dC = 5 Adc, 

Ibi = 1 Adc, 

VBE(off) = 5 Vdc, 

VCE(pk) = 300 Vdc) 

(Tj = 100X) 

tsv 


1.8 

2.3 

/xs 

Fall Time 

tfi 

- 

0.14 

0.3 

Crossover Time 

tc 

— 

0.17 

0.5 

Resistive Load (Table 2) | 

Delay Time 

dC = 5 Adc, 

Vcc = 250 Vdc, 

Ibi = 1 Adc, 

PW = 20 /xs. 

Duty Cycle 2%) 

dB2 = 1 Adc, 

RB 2 = 4 n) 

td 

- 

- 

0.1 

/xs 

Rise Time 

tr 

- 

- 

0.8 

Storage Time 

ts 

- 

- 

4 

Fall Time 

tf 

- 

- 

0.8 


(1) Pulse Test; Pulse Width = 300 fis. Duty Cycle ^ 2%. 
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C, CAPACITANCE (pF) Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 


BUW11,A • BUW12,A 









BUW11,A • BUW12,A 



t, TIME 

Figure 7. Inductive Switching Measurements 


Table 1. Inductive Load Switching 


Drive Circuit 



V(BR)CE(}(sus| 

L = 10 mH 

RB2 = ^ 

Vcc = 20 Volts 
IC(pk) = 100 mA 
Lb-0 


Inductive Switching 
L = 200 

RB2 = 0 
Vcc = 20 Volts 
Rbi selected for desired Ibi 
Lb = 1 



RBSOA 
L = 200 /iH 

RB2 = 0 
Vcc = 20 Volts 
Rbi selected for desired Ibi 
Lb -0 






*Tektronix AM503 
P6302 or Equivalent 


Table 2. Resistive Load Switching 
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BUW11,A • BUW12,A 


MAXIMUM FORWARD BIAS SAFE OPERATING AREA 




Figure 8. BUW11,A Figure 9. BUW12A 


3 


MAXIMUM REVERSE BIAS SAFE OPERATING AREA 




Figure 10. BUW11A 


Figure 11. BUW12,A 
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BUW11,A • BUW12,A 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic — V ce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 8 and 9 is based on Tq = 25°C; 
Tj(pk) is variable depending on power level. Second 
breakdown pulse limits are valid for duty cycles to 10% 
but must be derated when Tc ^ 25°C. Second breakdown 
limitations do not derate the same as thermal limitations. 
Allowable current at the voltages shown on Figures 8 and 
9 may be found at any case temperature by using the 
appropriate curve on Figure 13. 
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Tc, CASE TEMPERATURE (°C) 


Tj(pk) may be calculated from the data in Figure 12. 
At high case temperatures, thermal limitations will 
reduce the power that can be handled to values less than 
the limitations Imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Biased Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figures 10 and 11 gives the RBSOA characteristics. 


Figure 13. Power Derating 


OUTLINE DIMENSIONS 



STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 340-01 
TO-218AC 


DIM 

MILLIMETERS 

■■3 


MIN 

MAX 

KB 

lEEB 

A 

20.32 


KB 

KB 

B 

15.49 


IMik 

KB 

C 

4.19 

5.08 

0.165 

0.200 

D 

1.02 



KB 

E 

1.35 

HIS 


KB 

G 

5.21 



KB 

H 

2.41 


KEB 

KB 

J 

0.38 


KB 

KB 

K 

12.70 

15.49 

■m 

KBI 

L 

15.88 

WMM 

KB 

KM 

N 

12.19 


K!:M 


Q 

4.04 

■m 


KIM 


3 


3-589 








MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BUX13 



SWITCHMODE* SERIES 
NPN SILICON POWER TRANSISTOR 


. designed for high speed, high voltage, high power applications. 

Low VcE(sat). VcE(sat) niax. = 1.5 V at Ic = 8 A 

Very fast switching times: 

T F max. = 0.8 /Lis at Ic = 8 A 



MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector-Emitter Voltage (Vbe = —2.5 V) 


Collector-Emitter Voltage (RbE = 100 ri) 


Collector-Current — continuous 

— peak (pw ^ 10 ms) 


Base-Current continuous 


Total Power Dissipation @Tc = 25 °C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol 


VCEO(sus) 


VCBO 


vebo 


VCEX 


VCER 


15 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

325 VOLTS 
150 WATTS 



Characteristic 

Symbol 

Max. 

Thermal Resistance. Junction to Case 

^JC 

1.17 




FIGURE 1 

1 - POWER DERATING 
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BUX13 


ELECTRICAL CHARACTERISTICS (Iq = 25^C unless otherwise noted) 


Characteristic 

Symbol 


Max. 


OFF characteristics' 

Collector-Emitter Sustaining Voltage 





(IC = 200mA, lB= 0, L = 25 mH) 





Collector Cutoff Current at Reverse Biais. 

'CEX 

■mnn 



(VcE =400 V, Vbe = -1-5 V) 



1.5 


(VCE =400 V, Vbe = -lb V, Tc = 125°C} 



6.0 


Collector-Emitter Cutoff Current 

•CEO 




(VcE =260 V) 



1.5 


Emitter-Base Reverse Voltage 

Vebo 

■■■III 


V 

(Ig =50 mA) 


jflBm 



Emitter-Cutoff Current 

•ebo 




(Veb = 5V) 



1,0 


SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 





(VcE = 30 V, t = 1 s) 





< 

o 

m 

o 

< 

II 






ON CHARACTERISTICS' 


DC Current Gain 

{\q = 4 a, Vce =4 V) 
dc = 8 A, Vce =4 V) 



60 


Collector-Emitter Saturation Voltage 


■■■I 



dc = 4 A, Ib =0.8 A) 



0.8 


dc = 8 A, Ib = 1 .6 A) 



1 .5 


Base-Emitter Saturation Voltage 

VBE(sat) 




dc =8 A, Ib = L6 A) 



1.5 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 




mgm 

(Vce = 15 V, Ic = 1 A, f =4 MHz) 


8.0 


■■ 


SWITCHING CHARACTERISTICS (Resistive Load) 


Turn on Time 

IC = 8 A, Ibi = Ib2 = L6 A, 

(Vce = ■'50 V, RC = 18.7 H) 



1.2 


Storage Time 



2.5 


Fall Time 

tf 


0.8 



* Pulse Test: Pulse Width ^300 /is. Duty Cycle <2<^/o. 
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V, VOLTAGE (V) IC, COLLECTOR CURRENT (A) 


BUX13 


FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 



FIGURE 3 - "ON" VOLTAGES 
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IC, COLLECTOR CURRENT (A) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second break- 
down. Safe operating area curves indicate IC’VCE limits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa- 
tion than the curves indicate.. 

The data of figure 2 is based on Tc = 25"' C; Tj(pk) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 

At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415A) 


FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 



IG, COLLECTOR CURRENT (A) 


FIGURE 4 - DC CURRENT GAIN 



FIGURE 6 - SWITCHING TIMES TEST CIRCUIT 
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MOTOROLA 

■i SEMICONDUCTOR 

TECHNICAL DATA 



BUX39 


NPN SILICON POWER METAL TRANSISTOR 


. . , designed for high speed, high current, high power application. 


• High current gain - bandwidth product Ft min. = 8.0 MHz 

• High DC current gain Hpg min. 1 5 @ Ic = 1 2 A. 

Very fast switching times 

tp rnax. = 0.25 ps @ Iq = 20 A 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 


Col lector- Emitter Voltage 

VcEO(sus) 

90 

iim29Hi 

Collector-Base Voltage 

VCBO 

120 


Emitter-Base Voltage 

vebo 

7 

Vdc 

Collector-Emitter Voltage (Vbe =1-5 V) 

VCEX 

120 

Vdc 

Collector-Emitter Voitage (Rbe ^ 100J2) 

VCER 

no 

Vdc 

Collector-Current — continuous 

•c 

30 

Adc 

- peak (pw <10 ms) 

•cm 

40 

Apk 

Base-Current continuous 

‘B . 

6 

Adc 

Total Power Dissipation @ Tq = 25 "C 

pd 

120 

Watts 

Operating and Storage Junction 

TJ/ Tjtg 


^C 

Temperature Range 

-65 to 200 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max. 


Thermal Resistance, Junction to Case 

<>JC 

1.46 

HGSQlil 



NPISI SILICON 
POWER 

METAL TRANSISTOR 

30 AMPERES 





C 

■ 1 

1 

L_ 

! z 

SEATING 

-r 

i 


PLANE 



STYLE 1: 

PIN 1.BASE 
2. EMITTER 
CASE-COLLECTOR 
STYLE 2: 

PIN 1. BASE 

2. COLLECTOR 
CASE-EMITTER 



MILLIM 

TERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

B 





c 

6.35 

11.43 


■tg-Liil 

0 

0.97 

1.09 

0.038 

0.043 

E 

- 

3.43 


0.135 

F 

29.90 


1.177 

1.197 

G 

10.67 

11.18 

0.420 

■BEI 

H 

5.21 

tja 

0.205 

0.225 

Bi 

16.64 

17 15 

0.655 

0.675 

SB 

7.92 


0.312 

- 

Q 


■Ml 

KlEUi 

■ilHl 

s 


■EES 

SB 


■ T. 


4.78 

- 

0.188 


All JEDEC dimensions and notes apply 


CASE 1 03 
(T0 3) 


3 
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BUX39 


ELECTRICAL CHARACTERISTICS (Tc = 25 °C unless otherwise noted) 


Characteristic j 

Symbol 

Min. 

Max. 

Unit 

OFF CHARACTERISTICS' 

Collector-Emitter Sustaining Voltage 
(IC = 200 mA, Ib = Ot L = 25 mH) 

VcEO(sus) 

90 


Vdc 

Collector-Emitter Cutoff Current at Reverse dias Voltage 
(VcE = ■'20 V, Vbe = -1-5 V) 

(VcE 120 V, Vbe = -15 V, Tc = 125“C) 



1 

5 

mAdc 

Collector E. flitter Cutoff Current 
(VcE = 70 V) 

'CEO 


1 

mAdc 

Emitter-Base Reverse Voltage 
(Ie 50 mA) 

VbbO 

7 


V 

Emitter-Cutoff Current 
(Veb=-5V) 

'ebo 


1 

mAdc 

SECOND BREAKDOWN- 

Second Breakdown Collector Current with base forward biased 
(V'cE = 45 V, t = 1 s) 

(VcE = 30 V, t - 1 s) 1 

'S/b 

1 

4 


Adc 


ON CHARACTERISTICS' 


1 

DC Current Gain 

dc = 12 A, VcE = 4 V) 

(IC 20 A, VcE = 4 V) 

hpE 

15 

8 

45 


Collector-Emitter Saturation Voltage 

VCEIsat) 



Vdc 

(IC = 12 A, Ib - 1.2 A) 



1.2 


(1C = 20A.Ib = 2.5A) 



1.6 


Base-Emitter Saturation Voltage 

'^BEjsat) 



Vdc 

(IC = 20 A, Ib = 2.5 A) 



2.5 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

^T 



MHz 

(VcE = 15 V, Ic = 1 A, f = 4 MHz) 


8 




SWITCHING CHARACTERISTICS (Resistive Load) 


Turn on Time 

IC = 20 A, Ibi =Ib2 = 2.5 A, 

Vce = 30 V, RC= 1.5«) 

Ion 


1.2 

jUS 

Storage Time 

Is 


1.0 


Fall Time 

tf 


0.25 



‘ Pulse Test: Pulse Width = 300 Duty Cycle = 2%. 
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t.TlMEU) V, VOLTAGE (V) Iq, COLLECTOR CURREMT (A) 


BUX39 



0 10 30 m 


VCE, COLLECTOR EMITTER VOLTAGE (V) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second break- 
down. Safe operating area curves indicate Ic'^CE '‘Gnits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa- 
tion than the curves indicate. 

The data of figure 2 is based on Tc = 25°C; Tj(p|<) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 

At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations 
imposed by second breakdown. (See AN415A) 



0 1.0 10 30 100 

IC, COLLECTOR CURRENT (A) 



0 1.0 10 


IC, COLLECTOR CURRENT (A) 


FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 



FIGURE 6 - SWITCHING TIMES TEST CIRCUIT 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BUX40 



SWITCHMODE^ SERIES 
NPN SILICON POWER TRANSISTOR 


. . designed for high speed, high current, high power applications. 


High D.C. current gain ; 

HFE min. : 15 at Ic = 10 A 


Very fast switching times; 

T F max. = 0.25 jUS at Ic = 1 5 A 


MAXIMUM RATINGS 


20 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

125 VOLTS 
120 WATTS 


I 
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BUX40 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF CHARACTERISTICS* 

Collector-Emitter Sustaining Voltage 

VCEO(sus) 



Vdc 

dc = 200 mA, IB = 0, L = 25 mH) 


125 



Collector Cutoff Current at Reverse Biais: 

•CEX 



mAdc 

(Vce=160 V. Vbe = -1.5 V) 



1.0 


(Vce=160 V, Vbe = -1.5 V,Tc = 125®C) 



5.0 


Collector-Emitter Cutoff Current 

•CEO 



mAdc 

(VcE=100V) 



1.0 


Emitter-Base Reverse Voltage 

vebo 



V 

(IE =50 mA) 


7 



Emitter-Cutoff Current 

•ebo 



mAdc 

(Veb = 5 V) 



1.0 

1 


SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 

•s/b 



Adc 

(VcE= 30 V, t = Is) 





(VcE = 50 V, t = 1 s) 






ON CHARACTERISTICS^ 


DC Current Gain 

(IC = 10A, Vce=4 V) 

(IC = 15A,Vce=4 V) 

hPE 

15 

8 

45 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

(IC = 10A, Ib= 1 A) 



1.2 


(|(. = 15 A, Ib = 1.88 A) 



1.6 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dc =15 A, Ib = 1 .88 A) 



2.0 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

fT 



MHz 

(VcE = 15 V, Ic = 1 A, f =4 MHz) 


8.0 




SWITCHING CHARACTERISTICS (Resistive Load) 


Turn on Time 

IC = 15 A, iBi =Ib2 = 1.88 A. 

(Vcc= 30 V, RC = 2 ^2) 

'on 


1.2 

/is 

Storage Time 

ts 


1.0 


Fall Time 

tf 


0.25 



^ Pulse Test: Pulse Width <300 /is, Duty Cycle <20/o. 
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V, VOLTAGE (V) Ic, COLLECTOR CURRENT (A) 


BUX40 



1 10 100 


VcE, COLLECTOR EMITTER VOLTAGE (V) 


FIGURE 3 - "ON” VOLTAGES 



There are two limitations on the power handling ability of a 
transistor; average junction temperature and second break- 
down. Safe operating area curves indicate Ic VCE limits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa- 
tion than the curves indicate. 

The data of figure 2 is based on Tc = 25° C; Tj(pk) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 

At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415A) 


FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 



0 3 6 9 12 15 18 

Ic, COLLECTOR CURRENT (A) 


FIGURE 4 - DC CURRENT GAIN 


FIGURE 6 - SWITCHING TIMES TEST CIRCUIT 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


BUX41 


SWITCHMODE^ SERIES 
NPN SILICON POWER TRANSISTOR 


. . . designed for high speed, high current, high power applications. 


• Very fast switching times: 

T F max. = 0.4 ; 2 S at Ic = 8 A 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collactor-Emitter Voltage 

VCEO(sus) 

200 

Vdc 

Collactor-Baae Voltage 

VCBO 

250 

Vdc 

Emittar-Baae Voltage 

vebo 

7 

Vdc 

Collector-Emitter Voltage (VgE = —2.5 V) 

VCEX 

250 

Vdc 

Collector-Emittar Voltage (RrE ^ 

VCER 

240 


Collector-Current — continuous 

•c 

15 

Adc 

- peak (pw < 10 mi) 

•cm 

20 

Apk 

Bate-Current continuous 

•b 

3 

Adc 

Total Power Olssipetion @Tc =25°C 

pd 

120 

Watts 

Operating and Storage Junction 

Temperature Range 

'•’j.^itg 

-66 to 200 

°C 


THERMAL CHARACTERISTICS 


Chareeterietie | 

Symbol 

Max. 

Unit 

Thermal Resistance, Junction to Case 

^JC 

1.46 

°C/W 



15 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

200 VOLTS 
120 WATTS 




STYLE I; 

PIN 1 BASE 
2, EMITTER 
CASE COLLECTOR 
STYLE 2: 

PIN I. BASE 

2. COLLECTOR 
CASE-EMITTER 



MILLIM 

TEHS 

INC 

HES 

DIM 

MIN 

MAX 

MIN 

MAX 

B 

- 

2? ?T^ 

- 

0 875 

C 

(i35~’ 

n 43 

0 250 

0450 

0 

097 

1 09 

0 038 

0 043 

E ■' 


3 43 

- 

0 1 35 

F 

29 90 

30 40 

1 177 

1 197 

G 

10 67 

n IB 

0,420 

0 440 

H 

521 

" 5 7l ■ 

0.205 

0?25 

J 

16 64 

17 15 

0 655 

0(i'/5 

k 

7 9? 

- 

0 312 


' Q 

384 

4~09" 

0 151 

0 161 

s 


13 34 


0 525 

T 

- 

4 78 

- 

0 188 


All JEQEC (liiiieiisiuMS duel iiiiiti;i iijiply 


CASE 1 03 
(TO 3) 
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BUX41 


ELECTRICAL CHARACTERISTICS (Tq = 25“C unless otherwise noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF characteristics’ 

Collector-Emitter Sustaining Voltage 

VcEO(sus) 



Vdc 

dC = 200 mA, IB = 0, L = 25 mH) 


200 



Collector Cutoff Current at Reverse Biais; 

•CEX 



mAdc 

(VcE = 250 V,Vbe= -1.5 V) 



1.0 


(VcE = 250 V, Vbe = -1-5 V. Tc = 125®C) 


mu 

5.0 


Collector-Emitter Cutoff Current 

‘CEO 



mAdc 

(VcE- 160 V) 



1.0 


Emitter-Base Reverse Voltage 

vebo 



V 

(Ie= 50 mA) 


7 



Emitter-Cutoff Current 

‘ebo 



mAdc 

(Veb = 5 V) 



1.0 

1 


SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 

•s/b. 



Adc 

(VcE= 30 V,t = 1 s) 

4.0 



(VcE = 135 V. t = 1 s) 


0.15 




ON characteristics’ 


DC Current Gain 

HC= 5A.Vce=4V) 

(IC= 8A,Vce=4V) 

hpE 

15 

8 

45 


Collector-Emitter Saturation Voltage 

VCEIsat) 

■■mu 


Vdc 

(IC= 5 A, Ib--=0.5 A) 



1.2 


dC- 8 A, l8=1 A) 


mlHi 

1.6 


Base-Emitter Saturation Voltage 

Vbe (sat) 



Vdc 

{\qzz 8 A, Ib = 1 A) 



2.0 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

It 



MHz 

(VcE = 15 V, Ic = 1 A, f =4 MHz) 


8.0 




SWITCHING CHARACTERISTICS (Resistive Load) 


Turn on Time 

IC= 8 A,Ibi=IB2 = 1 A, 

(Vcc = 150 V. F^C = 18.75 0) 

Ion 


0,6 


Storage Time 

ts 


1.5 


Fell Time 

ff 


0.4 



' Pulse Test: Pulse Width <300 /is, Duty Cycle <2®/o. 





















































V. VOLTAGE (V) COLLECTOR CURRENT (A) 


BUX41 


FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 
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1 10 100 

VcE, COLLECTOR EMITTER VOLTAGE (VI 


FIGURE 3 - "ON " VOLTAGES 



There are two limitations on the power handling ability of a 
transistor : average junction temperature and second break- 
down, Safe operating area curves indicate IC'VCE limits of 
the transistor that must be observed for reliable opieration 
i.e.. the transistor must not be subjected to greater dissipa 
tion than the curves indicate. 

The data of figure 2 is based on Tc = 25*0; Tj(pk) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 

At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown, (See AN415A) 


FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 



IC. COLLECTOR CURRENT (A> 


FIGURE 4 - DC CURRENT GAIN FIGURE 6 - SWITCHING TIMES TEST CIRCUIT 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BUX41N 



SWITCHMODE^ SERIES 
NPN SILICON POWER TRANSISTOR 


. designed for high speed, high current, high power applications. 


High DC current gain: 

HFE min. = 15 at Ic = 8 A 

Very fast switching times: 

Tf max. = 0.25 jus at Ic = 12 A 



MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector-Emitter Voltage (Vbe = -2.5 V) 


Collector-Emitter Voltage (R be — 100 ^2) 


Collector-Current — continuous 

— peak (pw<10ms) 


Base-Current continuous 


Total Power Dissipation @Tq = 25 "C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol 


VCEO(sus) 


VCBO 


Vebo 


VCEX 


Charactaristic 

Symbol 

Max. 

Thermal Resistance, Junction to Case 

^JC 

1.46 




FIGURE 

- POWER DERATING 


1.0 
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40 

80 120 

Tc, TEMPERATURE (Tl 

16 

0 200 


18 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

160 VOLTS 
120 WATTS 
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BUX41N 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF CHARACTERISTICS^ 

Collector-Emitter Sustaining Voltage 
dc = 200 mA, Ib = 0, L = 25 mH) 

VcEO(sus) 

160 


Vdc 

Collector Cutoff Current at Reverse Biais; 

(VcE =220 V, Vbe = -1 5 V) 

(VcE=220 V, Vbe=-L 5 V,Tc = 125°C) 

•CEX 


1.0 

5.0 


Collector-Emitter Cutoff Current 
{Vce = 130 V) 



1.0 

mAdc 

Emitter-Base Reverse Voltage 
(Ig =50 mA) 

vebo 

7 


V 

Emit»r-Cutoff Current 
(Veb = 5 V) 

>EBO 


1.0 

mAdc 

SECOND BREAKDOWN 

Secorrd Breakdown Collector Current with base forward biased 
(VcE = 30 V, t = 1 s) 

(VcE = 100V, t = 1 s) 

•s/b 



Adc 


ON CHARACTERISTICS^ 


DC Current Gain 

(IC= 8 A, Vce=4 V) 

{IC = 12 A, VcE =4 V) 

hPE 

15 

8 

45 


Collector-Emitter Saturatio'n Voltage 




Vdc 

(lC= 8 A, Ib = 0.8A) 



1.2 


(lc=12 A, Ib = 1-5 A) 



1.6 


Base-Emitter Saturation Voltage 

Vbe (sat) 



Vdc 

(Ic = 12 a, Ib= 1-5 A) 



2.0 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

fT 



MHz 

(VcE = 15 V. Ic = 1 A, f =4 MHz) 


8.0 




SWITCHING CHARACTERISTICS (Resistive Load) 


Turn on Time 

IC = 12 AJbi =Ib2=1-5A, 

(Vcc= 30 V, RC = 2.5 12) 

fon 


1.2 

/is 

Storage Time 

h 


1.2 


Fall Time 

tf 


0.25 



^ Pulse Test; Pulse Width <300 /is, Duty Cycle <20/o. 
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V. VOLTAGE (VI IC, COLLECTOR CURRENT (AT 


BUX41N 


FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 



1 10 100 

VcE, COLLECTOR EMITTER VOLTAGE (V) 


FIGURE 3 - ’ON" VOLTAGES 



There are two limitations on the power handling ability of a 
transistor : average junction temperature and second break- 
down. Safe operating area curves indicate Ic VcE limits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa- 
tion than the curves indicate. 

The data of figure 2 is based on Tc = 25° C; Tj(pk) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 

At high case temperatures, thermal limitations will reduce the 
power that can handled to'values less than the limitations 
imposed by second breakdown. (See AN415A) 


FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 



IC, COLLECTOR CURRENT (A) 


FIGURE 4 - DC CURRENT GAIN 


FIGURE 6 - SWITCHING TIMES TEST CIRCUIT 






Vcc = 30 V 
RC = 2.5 0 
RB = 3.9 0 

IC/IB - 8 
>81 - 182 


3-604 




MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BUX42 


SWITCHMODE^ SERIES 
NPN SILICON POWER TRANSISTOR 


. . . designed for high speed, high voltage, high power applications. 


Low VcE(sat)» VcE(sat) = 1.2 V at Ic = 4 A 

Very fast switching times: 

T F max. = 0.4 jits at Ic = 6 A 


12 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

250 VOLTS 
120 WATTS 


MAXIMUM RATINGS 

Rating 

Symbol 

Collector-Emitter Voltage 

VCEO(sus) 

Collector-Base Voltage 

VCBO 

Emitter-Base Voltage 

vebo 

Collector-Emitter Voltage iVgg = — 2.5 V) 

VCEX 

Collector-Emitter Voltage (RbE = 100 H) 

VCER 

Collector-Current — continuous 

•c 

— peak (pw <10 ms) 

•cm 

Base-Current continuous 

•b 

Total Power Dissipation @Tc = 25°C 

pd 

Operating and Storage Junction 

Tj.Tstg 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Thermal Resistance, Junction to Case 

^JC 

























































BUX42 


ELECTRICAL CHARACTERISTICS {Tq = 2b°C unless otherwise noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF CHARACTERISTICS' 

Collector-Emitter Sustaining Voltage 
dc = 200 mA, IB = 0, L = 25 mH) 

VCEO(sus) 

250 


Vdc 

Collector Cutoff Current at Reverse Biais: 

(VcE^SOOV, Vbe ==-15 V) 

(Vce = 300V, Vbe = -1 5V,Tc = 125°C) 

•CEX 


1.0 

5.0 

mAdc 

Collector-Emitter Cutoff Current 
(Vce = 200V) 

'CEO 


1.0 

mAdc 

Emitter-Base Reverse Voltage 
(Ig =50mA) 

vebo 

7 




V 

Emitter-Cutoff Current 
(Veb = 5 V) 

'ebo 


1.0 

mAdc 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 
(VcE = 30 V, t 1 s) 

(VcE =135 V, t = 1 s) 

•s/b 



Adc 


ON CHARACTERISTICS' 


DC Current Gain 

dc = 4 A, Vce =4 V) 
dc = 6 A, VcE =4 V) 


15 

8 

45 


Collector-Emitter Saturation Voltage 

VCEIsat) 



Vdc 

dc = 4 A. Ib = 0.4 A) 



1.2 


dc = 6 A, 10 = 0.75 A) 



1.6 


Base-Emitter Saturation Voltage 

^BEIsat) 



Vdc 

dC= 6 A,Ib = 0.75A) 



2.0 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

tT 



MHz 

(Vce - 15 V, Ic = 1 A, f =4 MHz) 


8.0 




SWITCHING CHARACTERISTICS (Resistive Load) 


Turn on Time 

IC - 6 A. Ibi =Ib2^0.75A. 

(Vce = 150 V, RC = 2512) 

^on 


0.6 

Als 

Storage Time 

ts 


2.0 


Fall Time 

tf 


0.4 



’ Pulse Test: Pulse Width <300 /is, Duty Cycle <20/o. 
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V, VOLTAGE (V) V, VOLTAGE (V) Ic. COLLECTOR CURRENT (A) 


BUX42 



1 10 100 


VcE, COLLECTOR EMITTER VOLTAGE (V) 



1 10 
Ic, COLLECTOR CURRENT (A) 


There are two limitations on the power handling ability of a 
transistor; average junction temperature and second break- 
down. Safe operating area curves indicate Ic VcE limits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa 
tion than the curves indicate. 

The data of figure 2 is based on Tc - 25 C; Tj(pi<) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 

At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown, (See AN415A) 


FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 



Ic, COLLECTOR CURRENT (A) 


FIGURE 4 - DC CURRENT GAIN 



FIGURE 6 - SWITCHING TIMES TEST CIRCUIT 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BUX43 



SWITCHMODE* SERIES 
NPN SILICON POWER TRANSISTOR 


. . . designed for high speed, high voltage, high power applications. 


VcE(sat) niax. = 1.6 V at Ic = 6 A 

Very fast switching times: 

T F max. = 0.90 /zs at Ic = 5 A 


10 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

325 VOLTS 
120 WATTS 



3-608 


















































BUX43 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min. 

Max. 

Unit 

OFF characteristics’ 

Collector-Emitter Sustaining Voltage 

VCEO(sus) 



Vdc 

dc = 200 mA, IB = 0, L = 25 mH) 


325 



Collector Cutoff Current at Reverse Biais; 

•CEX 




(Vce=400V, Vbe = -1 5V) 



1.0 


(Vce =400V, VbE = -L5 V,Tc = 125°C) 



5.0 


Collector-Emitter Cutoff Current 

'CEO 



mAdc 

(VcE = 260 V) 



1.0 


Emitter-Base Reverse Voltage 




V 

He :=50 mA) 


7 



Emitter-Cutoff Current 

•ebo 




(Veb =5 V) 



1.0 

i 


SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 

'S/b 



Adc 

(VcE = 30 V, t = 1 s) 





(VcE = 135 V, t = 1 s) 






ON characteristics’ 


DC Current Gain 

dc = 3 A, Vce =4 V) 
dc = 5 A, Vce =4 V) 

hpE 

15 

8 

60 


Collector-Emitter Saturation Voltage 




Vdc 

dc= 3 A, Ib =0.375 A) 





dc = 5 A, Ib = 1 A) 





Base-Emitter Saturation Voltage 




Vdc 

dc = 5 A, Ib = 1 A) 



2.0 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

fT 



MHz 

(Vce = 15 V, Ic = 1 A, f =4 MHz) 


8.0 




SWITCHING CHARACTERISTICS (Resistive Load) 


Turn on Time 

IC = 5 A, Ibi = 'b2 = I A, 

(Vcc = 150 V, RC = 30 n) 

^on 


1.0 

(is 

Storage Time 

ts 


2.2 


Fall Time 

tf 


0.9 



* Pulse Test; Pulse Width <300 /Us, Duty Cycle <20/o. 
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V, VOLTAGE (V) Ic. COLLECTOR CURRENT (A) 


BUX43 


FIGl RE 2 - ACTIVE REGION SAFE OPERATING AREA 



1 10 100 325 

VcE, COLLECTOR EMITTER VOLTAGE (V) 


FIGURE 3 - "ON " VOLTAGES 



There are two limitations on the power handling ability of a 
transistor; averaget junction temperature and second break- 
down. Safe operating area curves indicate Ic-VcE limits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa- 
tion than the curves indicate. 

The data of figure 2 is based on Tc = 25" C, Tj(p|<) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 

At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415A) 


FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 



Ic, COLLECTOR CURRENT (A) 


FIGURE 4 - DC CURRENT GAIN 
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0.1 1 10 
Ic, COLLECTOR CURRENT (A) 


FIGURE 6 - SWITCHING TIMES TEST CIRCUIT 






MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


BUX84 

BUX85 


SWITCHMODE 

NPN SILICON POWER TRANSISTORS 


The BUX 84/85 are designed for high voltage, high speed 
power switching applications like converters, inverters, switching 
regulators, motor control systems. 


2 AMPERES 
TRIPLE DIFFUSED 
POWER TRANSISTORS 
NPN SILICON 

400 - 450 VOLTS 
50 WATTS 


SPECIFICATIONS FEATURES: 


• VcEO(sus) 


• VcESIs 


400 V BUX 84 

450 V BUX 85 

800 V BUX 84 

1000 V BUX 85 


• Fall time = 0.3 us (typ) at Iq = 1 A 

• VcE(sat) = 1 V (max) at Iq = 1 A, Ib = 0.2 A 



MAXIMUM RATINGS 





±; 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 



lin 

Ira 

Ira 

Ira 

Is 

||n| 

4.83 

2.54 

J^4_ 

1.15 

0.00 

1.15 

5.33 

3.04 

2.79 

1.39 

6.47 

1.27 



2.04 


CASE 221A-04 
TO-220AB 
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BUX84 BUX85 


ELECTRICAL CHARACTERISTICS (Tc = 2 5°C unless otherwise- noted! 

Characteristic [ Symbol | Min | Typ [ Max [ Unit | 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 
dC = 100 mAdc, (L = 25 mH) See fig. 1 

BUX84 
BUX 85 

VCEOIsus) 

400 

450 


- 

Vdc 

Collector Cutoff Current 


ICES 




mAdc 

(VCES = Rated Value) 



- 

- 

0.2 


(VCES = Rated Value, TC = 125°C) 

■ 


- 

- 

1,5 


Emitter Cutoff Current 

I 

lEBO 




mAdc 

(Veb = 5 Vdc, IC = 0) 



- 

- 

1 



ON CHARACTERISTICS ( 1 ) 


DC Current Gain 
dC = 0.1 Adc, VCE = 5 V) 

hPE 

30 

50 

, 

- 

Collector-Emitter Saturation Voltage 
dC = 0.3 Adc, IB = 30 mAdc) 
dC = 1 Adc, IB = 200 mAdc) 

VCE(sat) 

- 

- 

0.8 

1 

Vdc 

Base-Emitter Saturation Voltage 
dC = 1 Adc, IB = 0.2 Adc) 

VBEIsat) 

1 

_ 

1.1 

Vdc 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
dC = 500 mAdc, VCE = 10 Vdc, f = 1 MHz) 

fT 

4 


- 

MHz 


SWITCHING CHARACTERISTICS 


Turn-on Time 

VCC = 250 Vdc, IC = 1 A 

IB1 = 0.2 A, IB2 = 0.4 A 

See fig. 2 

ton 

- 

0.3 

0.5 

fiS 

Storage Time 

ts 

- 

2 

3.5 


Fall Time 

tf 

- 

0.3 

- 

jits 

Fall Time 

Same above cond. at Tc = 95°C 

tf 

- 

i 

1.4 

/iS 


(1) Pulse Test: PW = 300 ^s, Duty Cycle ^2%. 
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BUX84 BUX85 


FIGURE 1 - TEST CIRCUIT FOR VCEOtutt 




FIGURE 2 - SWITCHING TIMES / TEST CIRCUIT 




MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


NPN 

D44E Series 

PNP 

D45E Series 


COMPLEMENTARY SILICON POWER 
DARLINGTON TRANSISTORS 

... for general purpose power amplification and switching such as 
output or driver stages in applications such as switching regulators, 
converters and power amplifiers. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat)=2.0V(Max)@ 10A 

• High DC Current Gain — 1000 (Min) @ 5.0 Adc 

• Complementary Pairs Simplifies Designs 


MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 
Emitter Base Voltage 

Collector Current — Continuous 
Peak(l) 

Total Power Dissipation 
@Tc=25°C 
@Ta= 25°C 


D44E or D45E 


Operating and Storage Junction Tj, 

Temperature Range Tgtg 

-55 to 1 50 


THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

2.5 

°C/W 

Thermal Resistance, Junction to Ambient 

Roja 

75 

°c/w 

Maximum Lead Temperature for Soldering 

Tl 

275 

°c 


Purposes: 1/8" from Case for 5 Seconds 
(1 ) Pulse Width ^ 6.0 ms, Duty Cycle ^ 50%. 


FIGURE 1 - TYPICAL DC CURRENT GAIN 



DARLINGTON 
10 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

40-80 VOLTS 
50 WATTS 








NOTES; 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


0.002 0.01 0.02 0.05 0.1 0.20.3 0.5 1.0 2.03.0 5.0 10 20 

IC, COLLECTOR CURRENT (AMPS) 


CASE 221A-04 
TO-220AB 
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Ic, COLLECTOR CURRENT (AMPS) 


D44E Series NPN, D45 Series PNP 


ELECTRICAL CHARACTERISTICS {Jq = 25°C unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

i: 

OFF CHARACTERISTICS 


Collector Cutoff Current 

(VcE = Rated VcEO' ^be = 0) 

Ices 

— 

— 

10 

fxA 


Emitter Cutoff Current 
(Veb = 7.0 Vdc) 

Iebo 

— 

— 

1.0 

mA 



ON CHARACTERISTICS (1) 


DC Current Gain 
(IC = 5.0 Adc, Vce = 5.0 Vdc) 

hFE 

1000 

— 

— ■ 

— 


Collector-Emitter Saturation Voltage 
(IC= 5.0 Adc, Ib= 10 mAdc) 

(lc= 10 Adc, Ib = 20 mAdc) 

VcE(sat) 

- 

- 

1.5 

2.0 

Vdc 

1 

Base-Emitter Saturation Voltage 
(IC = 5.0 Adc, Ib= 10 mAdc) 

VBE(sat) 

— 

— 

2.5 

Vdc 



DYNAMIC CHARACTERISTICS 

Collector Capacitance 

(VcB=10Vdc, ftest=10MHz) 


D44E Series 
D45E Series 


SWITCHING CHARACTERISTICS 


Delay and Rise Times 
(IC= 10 Adc. Ibi = 20 mAdc) 

td + tr 

— 

0.6 

— 

MS 


Storage Time 

(Ic = 10 Adc, Ibi = Ib 2 ■ 20 mAdc) 

ts 

— 

2.0 

— 

MS 


Fall Time 

tf 

- 

0.5 

- 

MS 



(Ic = 10 Adc, Ibi = Ib 2 = 20 mAdc) 


SAFE OPERATING AREA INFORMATION 


FIGURE 2 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA (NPN) 


FIGURE 3 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA (PNP) 


Bonding Wire Limit 


Thermal Limit 


Second Breakdown Limit 



2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VcE, COLLECTOR-EMIHER VOLTAGE (VOLTS) 



2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
















MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


COMPLEMENTARY SILICON POWER TRANSISTORS 

... for general purpose power amplification and switching such as 
output or driver stages in applications such as switching regulators, 
converters and power amplifiers. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 1 0V(Max)@8.0 A 

• Fast Switching Speeds 

• Complementary Pairs Simplifies Designs 


MAXIMUM RATINGS 

Rating 

Symbol 

D44H or D45H 

Unit 

1.2 

4,5 

7.8 

10.11 

Collector-Emitter Voltage 

VcEO 

30 

45 

60 

80 

Vdc 

Emitter Base Voltage 

veb 

5.0 

Vdc 

Collector Current — Continuous 

•c 


10 


Adc 

Peak(l) 



20 



Total Power Dissipation 

Pd 






@ Tc = 25°C 



50 


Watts 

@ Ta = 250c 



1.67 



Operating and Storage Junction 

Tj. 


-55 to 150 


°C 

Temperature Range 

^stg 







THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

P0JC 

2.5 

°C/W 

Thermal Resistance, Junction to Ambient 

PdJA 

75 

“C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1 /B" from Case for 5 Seconds 

Tl 

275 

°c 


(1 ) Pulse Width ^ 6.0 ms. Duty Cycle < 50%. 

ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

DC Current Gain 
(VcE = 1 0 Vdc. Ic = 2.0 Adc) 

D44H1,4,7,10 
D45H1. 4.7,10 

hpE 

35 

- 


D44H2.5.8.11 

D45H2.5,8,11 

60 

- 

(VcE = 1 OVdc, lc = 4.0Adc) 

D44H 1,4.7, 10 
D45H1.4.7,10 

20 

- 

D44H2.5.8,11 

D45H2.5.8.11 

40 




NPN 

D44H Series 

PNP 

D45H Series 


10 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

30-80 VOLTS 





NOTiS; 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-04 


DM 



MCI 

BES 

MM 

MAX 

MM 

MAX 

n 



0.570 

0.620 



■Ml 

0.380 

0.405 

c 


BS 

0.160 

0.190 

D 

K9 

mm 

0.025 

0.035 

F 


msM 

0.142 

0.147 

mm 


msm 

0.095 

0.105 

mm 

T>1 


0.110 

0.155 

mm 


■DBI 

0.018 

0.028 

mm 

WSM 


0.500 

0.562 

L 

i.ts 

1.39 

0.045 

0.055 

n 


mm 

0.190 

0.210 

mm 

■Idl 

B!1 

0.100 

0.120 

n 

MEM 


0.000 

0.110 

lS 

1.15 

1.39 

0.045 

0.055 



iB'M 

0.235 

0.255 


■EH 

iBM 

0.000 

0.050 

n 

H3i 

'HHH 

0.045 

— 


- 

'■Ha 

— 

0.080 


TO-220AB 
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hpE. DC CURRENT GAIN (NORMALIZED) 


D44H Series NPN, D45H Series PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 



ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage 
(IC = 8.0 Adc, Ib = 0.4 Adc) D44H/D45H2, 5,8,1 1 

(IC= 8.0Adc, Ib - 0.8 Adc) D44H/D45H1 ,4,7,10 

VcE(sat) 

- 

- 

1.0 

1.0 

Vdc 


Base-Emitter Saturation Voltage 
(IC = 8.0 Adc, Ib = 0.8 Adc) 

VBE(sat) 

— 

— 

1.5 

Vdc 



DYNAMIC CHARACTERISTICS 



SWITCHING TIMES 



FIGURE 2 - MAXIMUM RATED FORWARD BIAS 

FIGURE 1 - NORMALIZED DC CURRENT GAIN SAFE OPERATING AREA 



IC, COLLECTOR CURRENT (AMPS) VcE- COLLECTOR-EMIHER VOLTAGE (VOLTS) 







MOTOROLA 


SEMICONDUCTOR 

TECHNICAL DATA 


COMPLEMENTARY SILICON POWER TRANSISTORS 

These complementary silicon power transistors are designed for 
high-speed switching applications, such as switching regulators 
and high frequency inverters. The devices are also well-suited for 
drivers for high power switching circuits. 

• Fast Switching — tf = 90 ns (Max) 

• Key Parameters Specified @ 100°C 

• Low Collector-Emitter Saturation Voltage — 

VcE{sat)= 10V(Max)@8.0A 

• Complementary Pairs Simplify Circuit Designs 


MAXIMUM RATINGS 

Rating 

Symbol 

D44VH or 045VH 

Unit 

1 

4 

7 

10 

Collector-Emitter Voltage 

VCEO 

30 

45 

60 

80 

Vdc 

Collector-Emitter Voltage 

VCEV 

50 

70 

80 

100 

Vdc 

Emitter Base Voltage 

veb 

7.0 

Vdc 

Collector Current — Continuous 

'c 


15 


Adc 

Peak(l) 

•cm 


20 



Total Power Dissipation 

Pd 





Watts 

@ Tc = 250c 



83 



Derate above 25°C 



1.67 


W/°C 

Operating and Storage Junction 

Tj. 


-55 to 150 


°C 

Temperature Range 

T^stg 







THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rfljc 

1.5 

°C/W 

Thermal Resistance, Junction to Ambient 

RdJA 

62.5 

°c/w 

Maximum Lead Temperature for Soldering 

Tl 

275 


Purposes: 1 /B" from Case for 5 Seconds 




(1 ) Pulse Width < 6.0 ms, Duty Cycle < 50%. 




Note 1 : All polarities are shown for NPN transistors. For PNP transistors, reverse polarities. 

Note 2: See MJE5220/5230 Series data sheet for characteristic curves. 



NPN 

D44VH Series 

PNP 

D45VH Series 


15 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

30, 45, 60 and 80 VOLTS 
83 WATTS 




NOTES; 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

?. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGUURITIES ARE ALLOWED. 


DM 



mo 

HES 

■.'"M 

Mum 

MIN 

MAX 




0.570 

0.620 

B 


■Ml 

0.380 

0.405 

c 


■liSI 

0.160 

0.190 

D 



0.025 

0.035 

F 



0.142 

0.147 

G 

2.42 

2.66 

0.095 

0.105 

H 

2.80 

3.93 

0.110 

0.155 

J 

0.46 

0.71 

0.018 

0.028 

K 



0.500 

0.562 

L 


HOI 

0.045 

0.055 

N 

4.83 

5.33 

0.190 

0.210 

mm 


mi 

0.100 

0.120 

n 

T !1 

■la 

0.060 

0.110 

wm 

1.15 

1.39 

0.045 

0.055 

T 



0.235 

0.255 

U 

0.00 

1.27 

0.000 

0.050 

mm 

iwm.^ 


0.045 

_ 

_Z_ 

- 

MkJli!! 

- 

0.060 


N 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-04 
TO-220AB 
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D44VH Series NPN, D45VH Series PNP 


ELECTRICAL CHARACTERISTICS (Jq = 25°C unless otherwise noted) 


Characteristic 


Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1 ) 


VcEO(sus) 




Vdc 

dC = 25 mAdc, Ib = 0) 

D44VH1, D45VH1 


30 

— 

— 



D44VH4, D45VH4 


45 

— 

— 



D44VH7, D45VH7 


60 

— 

— 



D44VH10, D45VH10 


80 

- 

- 


Collector-Emitter Cutoff Current 


•CEV 




^Adc 

(VcE = Rated VqeV' YBE(off) = ^ ^ ^dc) 



— 

— 

10 


(VcE = Rated VcEV* VBE(off) = 0 Vdc. Tq = 1 00«C) | 


— 

— 

100 


Emitter Base Cutoff Current 


•ebo 

— 

— 

10 

/uAdc 

(Veb = 7.0 Vdc, Ic = 0) 







ON CHARACTERISTICS (1) 

DC Current Gain 


hpE 




_ 

(Ic = 2.0 Adc, VcE = 1 0 Vdc) 



35 

— 

— 


dC = 4.0 Adc, VcE = 1 0 Vdc) 



20 

— 

— 


Collector-Emitter Saturation Voltage 


VCE(sat) 




Vdc 

(Ic = 8.0 Adc, Ib = 0.4 Adc) 

D44VH Series 

— 

— 

0.4 


dC = 8.0 Adc, Ib = 0.8 Adc) 

D45VH Series 


— 

— 

1.0 


dC = 1 5 Adc, Ib = 3.0 Adc, Tc = 100°C) 

D44VH Series 


— 

— 

0.8 



D45VH Series 


- 

- 

1.5 


Base-Emitter Saturation Voltage 


VBE(sat) 




Vdc 

(Ic = 8.0 Adc, Ib = 0.4 Adc) 

D44VH Series 

— 

— 

1.2 


(Ic = 8.0 Adc, Ib = 0.8 Adc) 

D45VH Series 


— 

— 

1.0 


dC = 8.0 Adc, Ib = 0.4 Adc, Tc = 1 00°C) 

D44VH Series 


— 

— 

1.1 


dC = 8.0 Adc, Ib = 0.8 Adc, Tc = 1 00°C) 

D45VH Series 


— 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Current Gain Bandwidth Product 
dC = 0.1 Adc, VcE = 1 0 Vdc, f = 20 MHz) 

fj 

— 

50 

— 

MHz 

Output Capacitance 

Ccb 




pF 

(VcB = 1 0 Vdc, Ic = 0, ftest = 1 0 MHz) D44VH Series 


— 

120 

— 


D45VH Series 


— 

275 

— 



SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 20 Vdc, Ic = 8.0 Adc, 

Ibi = Ib 2 = 0.8 Adc) 

td 

— 

- 

50 

ns 

Rise Time 

tr 

— 

— 

250 

Storage Time 

*s 

— 

— 

700 

Fall Time 

tf 

- 

- 

90 


(1 ) Pulse Test: Pulse Width < 300 pS, Duty Cycle ^ 2% 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


HIGH VOLTAGE NPN SILICON TRANSISTORS 

. . . designed for medium to high voltage inverters, converters, 
regulators and switching circuits. 

• High Collector-Emitter Voltage — 

VCEO = 200 Volts - MJ410 
300 Volts- MJ4 11 

• DC Current Gain Specified @ 1 .0 and 2.5 Adc 

• Low Collector-Emitter Saturation Voltage - 

VCE(sat) = 0-8 Vdc @ Iq = 1.0 Adc 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ410 

MJ411 

Unit 

Collector-Emitter Voltage 

VcEO 

200 

300 

Vdc 

Collector-Base Voltage 

VCB 

200 

300 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

Peak 


10 


Base Current 

•b 

2.0 

Adc 

Total Device Dissipation @Tc = 75°C 

Pd 

100 

Watts 

Derate above 75°C 


1.33 

W/OC 

Operating Junction Temperature Range 

Tj 

,-65 to ■^150 

OC 

Storage Temperature Range 

^stg 

-65 to +200 

OC 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

^JC 

0.75 

°C/W 


ELECTRICAL-^CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

I Characteristic ~| Symbol | Min | Max | Unit [ 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(IC= lOOmAdc, Ib = 0) 

MJ410 

MJ411 

VcEO(sus) 

200 

300 

- 

Vdc 

Collector Cutoff Current 
(VcE = 200 Vdc, Ib = 0) 

MJ410 

'CEO 


0.25 

mAdc 

(VcE =300 Vdc, Ib = 0) 

MJ411 


- 

0.25 


Collector Cutoff Current 
(VcE = 200 Vdc, VEB(off) = 1 -5 Vdc, 
Tc=125°C) 

MJ410 

•CEX 

- 

0.5 

mAdc 

( VcE = 300 Vdc, VEBIoff ) ' 1 -5 Vdc, 
Tc = 125°C) 

MJ411 


- 

0.5 


Emitter Cutoff Current 
(VeB = 5,0 Vdc, lc = 0) 

'ebo 

- 

5.0 

mAdc 


ON CHARACTERISTICS 


DC Current Gain 
(IC= 1.0 Adc, VcE = 5.0 Vdc) 

(IC = 2.5Adc, Vce = 5.0 Vdc) 

hFE 

30 

10 

90 


Collector-Emitter Saturation Voltage 
(IC= 1.0 Adc, Ib = 0.1 Adc) 

VcE(sat) 

- 

0.8 

Vdc 

Base-Emitter Saturation Voltage 
(IC= 1.0 Adc, Ib =0.1 Adc) 

VBE(sat) 

- 

1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 


2.5 

_ 

MHz 

dC = 200 mAdc, VcE = 10 Vdc, 





f = 1.0 MHz) 







5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

200-300 VOLTS 
100 WATTS 



■A' 


C 


L 





1 

id 


SEATING 

-t- 

n! L 


PLANE 



STYLE); 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. DIM "Q” IS DIA. 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 


1.550 

B 

- 

BE9 

- 

■iMii 

c 

6.35 

7.62 

0.250 

■ilclilil 

0 

0.99 

1.09 

0.039 


E 

- 


- 

jjirnkLi 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 


■*)<■ 


■ilHTil 


j 

16.64 

17.15 

0.655 

0.675 

K 

ilMIiM 

iF»f 


KEEl 

Q 



Milliii 

EI0I 

iM 

- 


3Zj 



CASE 11-01 

TO-3 






Ic, COLLECTOR CURRENT (AMP) 


MJ410, MJ411 


FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 



FIGURE 2 - DC CURRENT GAIN 



l-U L- L, 1. 1,1 .1 I I I I I I t.J I 1 I 1 LAJ 

0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 


Ic, COLLECTOR CURRENT (AMP) 


FIGURE 4 -SUSTAINING VOLTAGE TEST LOAD LINE 



VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate lc~^CE limits of the transistor that 
must be observed for reliable operation; i.e.,the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p|^) = 150°C; Tq is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided Tj(p|<)< 150°C. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than th^ I imitations imposed by secondary breakdown. 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 


Ic, COLLECTOR CURRENT (AMP) 


FIGURE 5 -SUSTAINING VOLTAGE TEST CIRCUIT 


50 mH 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


HIGH-VOLTAGE NPN SILICON TRANSISTORS 

. . . designed for medium-to-high voltage inverters, 
converters, regulators and switching circuits. 

• High Voltage — Vcex = 400 Vdc 

• Gain Specified to 3.5 Amp 

• High Frequency Response to 2.5 MHz 


MAXIMUM RATINGS 


Rating 

Symbol 

iVU413 

MJ423 

MJ431 

Unit 

Collector-Emitter Voltage 


400 

400 

400 

Vdc 

Collector-Base Voltage 


iOO 

iOO 

400 

Vdc 

Emitter-Base Voltage 

'^EB 

5.0 

5.0 

5. 0 

Vdc 

Collector Current — Continuous 

'c 

10 

10 

10 

Adc 

Base Current 

^B 

2.0 

2.0 

2.0 

Adc 

Total Device Dissipation @ T„ = 25’C 

Derate above 25®C 

^^D 

125 

1.0 

w/®c 

Operation Junction Temperature Range 


-65 to -t-lSO 

®c 

Storage Temperature Range 

^stg 

-65 to +4oo 

'C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance , Junction to Case 

0JC 

1.0 

•c/w 


ELECTRICAL CHARACTERISTICS (Tc = 25*C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage®^! 

= 100 mAdc, Ig = 0) 

^(BR)CEO(sus) 

325 

— 

Vdc 

Collector Cutoff Current 

(VcE = 400 Vdc, Vg0(^^^)=1.5Vd<J 

(VcE= 400 Vdc, Vgg(^„j=1.5Vdc. 

T^ = 125*0 

MJ413, MJ423 
MJ431 

MJ413, MJ423 
MJ431 

^CEX 



0.25 

2.5 

0.5 

5.0 

mAdc 

mAdc 



1 



mAdc 

(V„_ = 5.0 Vdc, I,-, = 0) 

MJ413, MJ423 

EBO 

— 

5.0 



MJ431 



2.0 



ON CHARACTERISTICS 


DC Current Gain HI 

= 0. 5 Adc, V^g = 5. 0 Vdc) 

MJ413 

*'fe 

20 

80 

- 

(I^ =1.0 Adc, V^g = 5.0 Vdc) 



15 

- 


= 1.0 Adc, V^g = 5.0 Vdc) 

MJ423 


30 

90 


(I^, = 2. 5 Adc, V^g = 5. 0 Vdc) 



10 

- 


= 2. 5 Adc, V^,g = 5. 0 Vdc) 

MJ431 


15 

35 


3. 5 Adc, V^,g = 5.0 Vdc) 



10 

- 


Collector-Emitter Saturation Voltage Ul 
= 0. 5 Adc, Ig = 0. 05 Adc) 

MJ413 

'^CECsat) 

_ 

0.8 

Vdc 

dc = 1.0 Adc, Ig = 0.10 Adc) 

MJ423 


- 

0.8 


dc * 2. 5 Adc, Ig = 0. 5 Adc) 

MJ431 


- 

0,7 


Base- Emitter Saturation Voltage'll! 
dj, » 0. 5 Adc, Ig = 0. 05 Adc) 

MJ413 

^BE(sat) 


1 

1.25 

Vdc 

dc» l.O Adc, Ig* 0.1 Adc) 

MJ423 


— 

1.25 


d(, - 2. 5 Adc, Ig - 0. 5 Adc) 

MJ431 


— 

1.5 


DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product 
dp - 200 mAdc, V^,g - lOVdc, 


^T 

2.5 


MHz 

f - 1. 0 MHe) 







niPW 4 300 MS. Duty Cycle 4 2.0% 


IVIJ413 

IVIJ423 

IVIJ431 


10 AMPERE 
POWER TRANSISTORS 
NPN SILICON 

400 VOLTS 
125 WATTS 



^ SEATING n r i. 

PLANE 



PIN 1. BASE 


2. EMITTER 
CASE; COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 

- 

0.830 

C 

e.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

* 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.16 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

_«J 

- 

26.67 

1 

1.050 


CASE 11-01 

TO-3 
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hre, DC CURRENT GAIN Ic COLLECTOR CURRENT (mA) 'c. COLLECTOR CURRENT (AMP) 


MJ413, MJ423, IVIJ431 


FIGURE 1 - ACTIVE-REGION SAFE-OPERATING AREA 



VcE. COLLECTOR-EMIHER VOLTAGE (VOLTS) 


FIGURE 3 - SUSTAINING VOLTAGE TEST LOAD LINE 



VcE. COLLECTOR-EMIHER VOLTAGE (VOLTS) 


FIGURE 5 -CURRENT GAIN 



Ic, COUECTOR CURRENT (AMP) 


3 -( 


FIGURE 2 - POWER-TEMPERATURE DERATING CURVE 



FIGURE 4 - SUSTAINING VOLTAGE TEST CIRCUIT 


50 mHy 








MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 



HIGH-POWER NPN SILICON TRANSISTOR 

... for use as an output device in complementary audio amplifiers to 
100'Watts music power per channel. 

• High DC Current Gain - hpg - 25-100 @ Ic = 7.5 A 

• Excellent Safe Operating Area 

• Complement to the PNP MJ4502 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCER 

100 

Vdc 

Collector-Base Voltage 

VCB 

100 

Vdc 

Collector-Emitter Voltage 

VcEO 

90 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current 

•c 

30 

Adc 

Base Current 

'b 

7.5 

Adc 

Total Device Dissipation @ Tc = 25°C 

Pd 

200 

Watts 

Derate above 25°C 


1.14 

W/OC 

Operating and Storage Junction 

Temperature Range 

Tj, Tstg 

-65 to +200 

OC 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

^JC 

0.875 

OC/W 



0 20 40 60 80 100 120 140 160 180 200 

Tc, CASE TEMPERATURE |OC) 


30 AMPERE 
POWER TRANSISTOR 

NPN SILICON 

100 VOLTS 
200 WATTS 




STYLE 1: 

PIN 1. BASE 



HI 


■BMnOH 




mjwM\ 

H 

Bl 


Bi 


Tii 

H9H 

WKilil 


BMil 

HBI 



■iTF»il 

■iMa 

HQI 

liIiM 

■wia 


■ntinci 

N* 

H9H 


HDH 

HIES 

POi 


ililRil 

■MM 

mXEm\ 

mm 

ITilTirMi 


■iTWil 

Kssia 

KB 





mm 

n.r.y 




m 

liHl.li 

mum 

■lEPl 


HKOI 

inriM 


■ilLfl 

1101 

PDI 

■■■ 


:H9H 

uyi 
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Ic, COLLECTOR CURRENT (AMP) hpE. NORMALIZED CURRENT GAIW 


MJ802 


ELECTRICAL CHARACTERISTICS (Tc ° 2SOC unless otherwise noted) 


Characteristic | Symbol | Min | Max | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 200 mAdc, R 0 e = 100 Ohms) 

bvcer 

100 

- 

Vdc 

Collector-Emitter Sustaining Voltage ^1* 
dc = 200 mAdc) 

VcEO(sus) 

90 

~ 

Vdc 

Collector-Base Cutoff Current 
(VcB= 100 Vdc, Ie =0) 

(VcB = 100 Vdc, Ie = 0, Tc = 150°C) 

•CBO 

- 

1.0 

5.0 

mAdc 

Emitter-Base Cutoff Current 
(V 0 E = 4.0 Vdc, Iq = 0) 

•ebo 

- 

1.0 

mAdc 


ON CHARACTERISTICS (1) 


DC Current Gain ID 

dc = 7.5Adc. Vce = 2.0 Vdc) 

hpE 

25 

100 

- 

Base-Emitter "On” Voltage 

dc = 7.5 Adc, VcE = 2.0 Vdc) 

VBE(on) 

- 

1.3 

Vdc 

Collector-Emitter Saturation Voltage 
dc = 7.5 Adc, Ir = 0.75 Adc) 

VcE(sat) 

- 

0.8 

Vdc 

Base-Emitter Saturation Voltage 
(IC = 7.5Adc, 10 = 0.75 Adc) 

VBE(sat) 

- 

1.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain - Bandwidth Product 

dC = 1.0 Adc. VcE = 10 Vdc, f = 1.0 MHz) 


Pulse Test: Pulse Widths 300 /lis. Duty Cycle ^2.0%. 



0.03 0.05 0.1 


0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 

Ic, COLLECTOR CURRENT (AMP) 




0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

Ic, COLLECTOR CURRENT (AMP) 


FIGURE 4 - ACTIVE REGION SAFE OPERATING AREA 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MEDIUM-POWER COMPLEMENTARY 
SILICON TRANSISTORS 


... for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain - hpE = 6000 (Typ) @ Ic = 3.0 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ900 

MJ1000 

IVIJ901 

MJIOOI 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base Voltage 

VCB 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current 

'C 

8.0 

Adc 

Base Current 

'b 

0 


Adc 

Total Device Dissipation @Tc = 25°C 

Pd 

90 

Watts 

Derate above 25®C 


0.515 

W/OC 

Operating and Storage Junction 
Temperature Range 

Tj'Tstg 

-55 to +200 

OC 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

P*0JC 

1.94 

OC/W 
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MJ900, MJ901 PNP/MJ1000, MJ1001 NPN 


ELECTRICAL CHARACTERISTICS (Tg = 25°C unless otherwise noted) 

I Characteristic | Symbol | Min | Max | Unit' 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(IC= lOOmAdc, Ib = 0) 

MJ900, MJ1000 
MJ901,MJ1001 

V(BR)CEO 

60 

80 

- 

Vdc 

Collector Emitter Leakage Current 
( VcB = 60 Vdc, Rbe = 1 0 k ohm) 

MJ900, MJ1000 

•CER 

_ 

1.0 

mAdc 

(Vcb“ 80 Vdc, Rbe = 1.0k ohm) 

MJ901, MJ1001 


- 

1.0 


( VcB = 60 Vdc, Rbe = 1 0 k ohm, Tc = 150OC) 

MJ900, MJ1000 


- 

5.0 


(Vcb = 80 Vdc, Rbe = 1.0 k ohm, Tc = 150°C) 

MJ901, MJ1001 


- 

5.0 


Emitter Cutoff Current 
(Vbe = 5.0 Vdc, lc = 0) 

>EBO 

- 

2.0 

mAdc 

Collector-Emitter Leakage Current 
(VcE = 30 Vdc, Ib = 0) 

MJ900, MJ1000 

'CEO 

_ 

500 

MAdc 

(Vce = 40 Vdc, Ib = 0) 

MJ901,MJ1001 


- 

500 



ON CHARACTERISTICS 


DC Current Gaind ) 

(IC = 3.0 Adc, Vce=3.0 Vdc) 
dc = 4.0 Adc, Vce = 3.0 Vdc) 

hPE 

1000 

750 

- 


Collector-Emitter Saturation Voltaged) 
dc = 3.0 Adc, Ib = 12 mAdc) 

Vce (sat) 

_ 

2.0 

Vdc 

dc = 8.0 Adc, 1 B = 40 mAdc) 


- 

4.0 


Base-Emitter Voltaged) 
dc = 3.0 Adc, Vce = 3.0 Vdc) 

Vbe 

- 

2.5 

Vdc 


(DPulse Test: Pulse Width <300 ^is, Duty Cycle< 2.0%. 



0.01 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 


IC, COLLECTOR CURRENT (AMP) 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0- 5.0 10 


IC. COLLECTOR CURRENT (AMP) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and secondary breakdown. 
Safe operating area curves indicate lc~VcE limits of the transistor 
that must be observed for reliable operation; e.g., the transistor 



103 104 105 106 


f, FREQUENCY (Hz) 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 
must not be subjected to greater dissipation than the curves indicate. 

At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations im- 
posed by secondary breakdown. 






MOTOROLA 

SEtVIlCONDUCTOR 

TECHNICAL DATA 


PNP 

IVU2500, MJ2501 

NPN 

MJ3000, MJ3001 



MEDIUM-POWER COMPLEMENTARY 
SILICON TRANSISTORS 

... for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain - hpE = 4000 (Typ) @ Iq = 5.0 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 


10 AMPERE 
DARLINGTON 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 

60-80 VOLTS 
150 WATTS 



MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage 
Emitter-Base Voltage 


Collector Current 
Base Current 



Total Device Dissipation @ Tq = 25°C 

Pd 

150 

Derate above 25°C 


0.857 

Operating and Storage Junction 

Tj.Tstg 

-55 to +200 

Temperature Range 



THERMAL CHARACTERISTICS 






STYLE 1 


1 MILLIMETERS 1 

1 INCHES 

PIN 1. BASE 

DIM 

MIN 

MAX 

MIN 

[ivu 

2. EMITTER 

A 


39.37 


1 ' 

CASE COLLECTOR 

B 

_ 

21.08 

_ 



C 

6.35 

7.62 

0.250 

0.' 


D 

0.97 

1.09 

0.038 

0.C 


E 

1.40 

1.78 

0.055 

0.0 


F 

29.90 

30.40 

1.177 

1.1 


6 

10.67 

11.18 

0.420 

0.^ 


H 

5.33 

5.59 

0.210 

0.2 


J 

16.64 

17.15 

0.655 

0.6 


K 

11.18 

12.19 

0.440 

0.4 


Q 

3.81 

4.19 

0.150 

0.1 


R 

_ 

26.67 

_ 

1.C 


U 

2.54 

3.05 

0.100 

0.1 




CASE1- 

-04 


NOTES: 






1. ALL RULES AND NOTES ASSOCIATED WITH 

REFERENCED TO-3 OUTLINE SHALL APPLY. 














IVIJ2500, MJ2501 PNP/MJ3000, IVhJSOOl NPN 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 


Symbol 

Min 

Max 

Unit 

Off CHARACTERISTICS 

Collector-Emitter Breakdown Voltage! D 
(Iq = 100 mAdc, Ib = 0) 

MJ2500, MJ3000 

V(BR)CE0 

60 

_ 

Vdc 


MJ2501, MJ3001 


80 

- 


Collector-Emitter Leakage Current 
(Veb = 60 Vdc, Rbe = 10 k ohm) 

MJ2500, MJ3000 

•CER 

_ 

1.0 

mAdc 

(Veb = 80 Vdc, Rbe = 10 k ohm) 

MJ2501, MJ3001 


- 

1.0 


(Veb = 60 Vdc, Rre = 1.0 k ohm, Tc = 

150°C) MJ2500, MJ3000 


_ 

5,0 


(Veb = 80 Vdc, Rbe = 10 k ohm, Tc = 

150°C) 1V1J2501, MJ3001 


~ 

5.0 


Emitter Cutoff Current 


•ebo 

- 

2.0 

mAdc 

(Vbe = 5.0 Vdc, Ic = 0) 





Collector-Emitter Leakage Current 


•CEO 



mAdc 

(Vce = 30 Vdc, Ib = 0) 

MJ2500, MJ3000 


- 

1.0 


(Vce = AO Vdc, Ib = O) 

MJ2501, MJ3001 


- 

1.0 



ON CHARACTERISTICS (1 ) 


DC Current Gain 
(IC=5.0 Adc, Vce = 3.0 Vdc) 

hpE 

1000 

- 

“ 

Collector-Emitter Saturation Voltage 
dC = 5.0 Adc, Ib = 20 mAdc) 
dC = 10 Adc, Ib = 50 mAdc) 

Vce (sat) 

- 

2.0 

4.0 

Vdc 

Base-Emitter Voltage 
dC = 5.0 Adc, Vce = 3.0 Vdc) 

Vbe 

- 

3.0 

Vdc 


( 1 )Pulse T est: Pulse Width ^ 300 MS, Duty Cycle < 2.0%. 
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IC,COLLECTQRCURRENT(AMP) 

FIGURE 4 - "ON" VOLTAGES 


FIGURE 3 -SMALL-SIGNAL CURRENT GAIN 
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VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate lc~VcE limits of the transistor that 
must be observed for reliable operation; e.g., the transistor must 


not be subjected to greater dissipation than the curves indicate. 

At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations 
imposed by secondary breakdown. 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


MJ2955 — See Pg. 3-6 
IIU2955A — SeePg.3-9 


MJ3029 


NPN SILICON HIGH-VOLTAGE TRANSISTOR 

. . . designed for TV horizontal and vertical deflection amplifier 
circuits. 

e High Collector-Emitter Sustaining Voltage — 

VcEO{sus) = 250 Vdc (Min) MJ3029 

e Fast Fall Time in Horizontal Deflection 

e Excellent Gain Linearity for Vertical Deflection — 
hfe @ 0.4 Adc, hfe @ 0.3 Adc = 0.95 (Min) 


5 AMPERE 

POWER TRANSISTOR 
NPN SILICON 
250-325 VOLTS 
125 WATTS 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ3029 

Unit 

Collector-Emitter Voltage 

VCEO 

250 

Vdc 

Collector-Emitter Voltage 

VCER 

500 

Vdc 

Collector-Emitter Voltage 

VCEX 

, 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

Base Current 

•b 

1.0 

Adc 

Total Device Dissipation @ Tq ^ 25°C 

Derate above 25°C 

Pd 

125 

1.0 

Watts 

W/OC 

Operating and Storage Junction 
Temperature Range 

Tj.Tstg 

-65 to +150 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.0 

°C/W 





- — ^ ^ 

, 1 





hz 

1 

1 1 

4 




1 



4' 

i- 



NOTES: 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. Gill IS SEATING PLANE AND DATUM, 

3. POSITIONALTOLERANCE FOR 
MOUNTING HOLE 0: 

I I- I 1.13(0.005)© I T I V(^ 

FOR LEADS: 

I f I 1.13 (0.005) (m)T I V® I Q0| 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 


STYLI I 
PIN I BASt 
? fMlTTER 
CASE COLLfCTOfl 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

- 

1.550 

B 


21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0,043 

E 

1,40 

1.78 

0.055 

0.070 

F 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

K 

11,18 

12,19 

0.440 

0.480 

Q 

3,81 

4.19 

0.150 

0.165 

R 

- 

26.67 

- 

1.050 

IEj 

4.83 

5.33 

0.190 

0.210 

V , 

3.81 

4.19 

0.150 

0.165 
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Ic, COLLECTOR CURRENT (AMP) hpE, DC CURRENT GAIN 


MJ302g 


ELECTRICAL CHARACTERISTICS (Tq = 25^0 unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltaged) 

(IC = 0.1 Adc, Ib = 0) 

MJ3029 

VcEO(sus) 

250 

_ 

Vdc 

Collector Cutoff Current 
(VcE = 500 Vdc, Rbe = 1-5 k Ohms) 

MJ3029 

•CER 

_ 

1.0 

mAdc 

ON CHARACTERISTICS 


DC Current Gain 

(IC = 0.3 Adc, VcE = 5.0Vdc)(1) 

(Ic = 0.4 Adc, VcE = 5.0 Vdc)(1) 

>^FE1 

hFE2 

25 

30 

- 


Gain Linearity 

hFE2 
hFE 1 

0.95 

- 

~ 


(DPulse Test: Pulse Width <300 Hi. Duty Cycle ^2.0%, 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

Ic, COLLECTOR CURRENT (AMP) 


FIGURE 3 - TEST FOR FALL TIME 

150/iF 



‘\i\r 

— ► l-^tf measured from 10% to 90% 


*HP 21 2A: Set for lO^s wide pulses at 2000 pulses per sec. 
(500 MS intervals). Adjust for Ibi = 0.8 A. 

Bias: Adjust to 1 .5 V on a VTVM across the 200 n Pot. 
T: Pulse Transformer: Motorola Part No. 25D68782A01. 


FIGURE 4 - ACTIVE REGION SAFE OPERATING AREA 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 4 is based on Tj(pk) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk)^ 150°C. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJ3040 

MJ3041 

IVIJ3042 


HIGH VOLTAGE SILICON POWER 
DARLINGTONS 

. . . developed for line operated amplifier, series pass and switching 
regulator applications. 


DARLINGTON 
10 AMPERE 
POWER TRANSISTORS 
NPN SILICON 

300, 350 VOLTS 
175 WATTS 


Collector-Emitter Sustaining Voltage — 

VCEOfsus) = 300 Vdc (Min) - MJ3040, MJ3041 
= 350 Vdc (Min) - MJ3042 
High DC Current Gain - 

hpE = 100 (Min) @ Ic = 2.5 Adc - MJ3040 

= 250 (Min) @ Ic = 2.5 Adc - MJ3041, MJ3042 
Low Collector-Emitter Saturation Voltage — 

VcE(sat) “ 2.2 Vdc (Max) @ Iq = 2.5 Adc 
Monolithic Construction with Built-In 
Base-Emitter Shunt Resistors 



MAXIMUM RATINGS 

Rating 

Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 

-Peakd) 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 
Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol MJ3040 MJ3041 MJ3042 

VcB 400 400 500 

VcEO 300 300 350 ’ 

VEB ^ 8.0 >• 

Ic 10 i- 

15 *■ 

Pd 1 75 

1.0 ► 

T I, Tctn 65 to +200 ► 



Characteristic 

Symbol 

Max 

Unit 


Thermal Resistance, Junction to Case 

R0JC 

1.0 

°C/W 


( 1 ) Pulse Width = 5.0 ms, Duty Cycle < 1 0%. 







MJ3040, MJ3041, MJ3042 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic { Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
dC = lOOmAdc, Ib = 0) 

MJ3040, MJ3041 

MJ3042 

VcEO(sus) 

300 

350 

- 

Vdc 

Collector Cutoff Current 


•CBO 



mAdc 

(VcB = 400 Vdc. Ig = 0) 

MJ3040, MJ3041 


- 

1.0 


(VcB= 500 Vdc, Ig = 0 ) 

MJ3042 


- 

1.0 


(VcB= 400 Vdc. Ig = 0, Tc = 100°C) 

IV1J3040, MJ3041 


- 

5.0 


{VcB= 500 Vdc, Ig = 0. Tc = 100°C) 

MJ3042 


j 

5.0 


Emitter Cutoff Current 


•ebo 



mAdc 

(Vbe = 5.0 Vdc, Ic = 0) 



- 

40 



ON CHARACTERISTICS 


DC Current Gain 

(IC = 2.5Adc, VcE = 5.0Vdc) MJ3040 

MJ3041, MJ3042 

dC = 5.0 Adc, VcE = 5.0 Vdc) MJ3040 

MJ3041, MJ3042 

hpE 

100 

250 

25 

50 

- 


Collector-Emitter Saturation Voltage 
dc = 2.5 Adc, Ib= 50 mAdc) 

dC = 5.0 Adc, Ib = 400 mAdc) 

VcE(sat) 

- 

2.2 

2.5 

Vdc 

Base-Emitter Saturation Voltage 
dC = 5.0 Adc, Ib = 400 mAdc) 

VBE(sat) 

- 

3.0 1 

Vdc 

Base-Emitter On Voltage 

dC = 2.5 Adc, VcE = 5.0 Vdc) 

VBE(on) 

- 

2.5 

Vdc 


FIGURE 1 - FORWARD BIAS SAFE OPERATING AREA 
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VcE. COLLECTOR EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor - average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - ''nnits of the tran- 
sistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 1 is based on Tj(p|<) = 150°C; T^ is variable 
depending on conditions. At high case temperatures, thermal limi- 
tations will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown. 


FIGURE 2 - DC CURRENT GAIN 



3-633 














MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


PNP 

NPN 

MJ4030 

MJ4033 

MJ4031 

MJ4034 

MJ4032 

MJ4035 


MEDIUM-POWER COMPLEMENTARY 
SILICON TRANSISTORS 


, . . for use as output devices in complementary general purpose 
amplifier applications. 


16 AMPERE 

DARLINGTON 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 

60-100 VOLTS 
150 WATTS 


• High DC Current Gain - hpg = 3500 (Typ) @ Iq = 10 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistor 































PNP MJ4030, MJ4031, MJ4032 
NPN MJ4033, MJ4034, MJ4035 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

I Characteristic | Symbot | Min | Max [ Unit ~~| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage! 1) 
dC = 100 mAdc, Ib = 0) 

MJ4030, MJ4033 
MJ4031, MJ4034 
MJ4032, MJ4035 

''(BR)CEO 

60 

80 

100 

- 

Vdc 

Collector Emitter Leakage Current 
( VcB = 60 Vdc, Rbe = 1 -0 k ohm) 

MJ4030, MJ4033 

'CER 

_ 

1.0 

mAdc 

(VcB = 80 Vdc, Rbe = 1 0 k ohm) 

MJ4031, MJ4034 


- 

1.0 


( VcB = 100 Vdc, Rbe = 1 0 k ohm) 

MJ4032, MJ4035 


- 

1.0 


(VcB = 60 Vdc, Rbe = 1 0 k ohm, Tq = 150°C) 

MJ4030, MJ4033 


- 

5.0 


(VcB = 80 Vdc, Rbe “ 1 Ok ohm, Tc = 150°C) 

MJ4031, MJ4034 


- 

5.0 


(VcB = 100 Vdc, Rbe = 1.0kohm,Tc = 150°C) 

MJ4032, MJ4035 


- 

5.0 


Emitter Cutoff Current 
(Vbe =5.0 Vdc, lc = 0) 

'ebo 


5.0 

mAdc 

Collector-Emitter Leakage Current 
(Vce = 30 Vdc, Ib = 0) 

MJ4030, MJ4033 

'CEO 

- 

3.0 

mAdc 

(VcE = 40 Vdc, Ib = 0) 

MJ4031, MJ4034 


- 

3.0 


(VcE = 50 Vdc, Ib = 0) 

MJ4032, MJ4035 


- 

3.0 



ON CHARACTERISTICSd) 


DC Current Gain 
(IC= 10 Adc, VcE = 3.0 Vdc) 

fiPE 

1000 



Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

dc = 10 Adc, Ib = 40 mAdc) 


- 

2.5 


dC = 16 Adc, Ib = 80 mAdc) 



4.0 


Base-Emitter Voltage 

Vbe 

- 

3.0 

Vdc 

dc = 10 Adc, VcE = 3.0 Vdc) 






(DPulse Test; Pulse Width ^ 300 ns, Duty Cycle ^2.0%. 



0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 


In.COLLECTORCURRENTIAMP) 


FIGURE 4 - “ON" VOLTAGES 



0.02 0.05 0.1 0.5 1.0 5.0 10 20 


IC, COLLECTOR CURRENT (AMP) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and secondary breakdown. 
Safe operating area curves indicate Ic^Vqe limits of the transistor 
that must be observed for reliable operation; e.g., the transistor 



f,FREQUENCY(Hz) 


FIGURE 5 -DC SAFE OPERATING AREA 



2.0 5.0 10 20 50 100 200 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

must not be subjected to greater dissipation than the curves indicate. 

At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations im- 
posed by secondary breakdown. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


IVU4502 



HIGH-POWER PNP SILICON TRANSISTOR 


... for use as an output device in complementary audio amplifiers 
to 100-Watts music power per channel. 


• High DC Current Gain - hpE = 25-100 @ Ic = 7.5 A 

• Excellent Safe Operating Area 

• Complement to the NPN MJ802 


30 AMPERE 
POWER TRANSISTOR 

PNP SILICON 

100 VOLTS 
200 WATTS 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCER 

100 

Vdc 

Collector-Base Voltage 

VCB 

100 

Vdc 

Collector-Emitter Voltage 

VCEO 

90 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current 

•c 

30 

Adc 

Base Current 

•b 

7.5 

Adc 

Total Device Dissipation @Tc = 25°C 

Derate above 25®C 

Pd 

200 

1.14 

Watts 

W/OC 

Operating and Storage Junction 

Temperature Range 

Tj. Tstg 

-65 to +200 

OC 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 


Thermal Resistance, Junction to Case 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 




SEATING 

PLANE 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. 0IM"Q''IS0IA. 


Tmillimetersi inches 


BliiTilMBIJillMI 



Tn, CASE TEMPERATURE (OC) 










Ic, COLLECTOR CURRENT (AMP) hpE, NORMALIZED CURRENT GAIN 


MJ4502 


ELECTRICAL CHARACTERISTICS (Tc ‘ 2SPC unless otherwise noted) 

Characteristic | Symbol ) Min ) Max | Unit { 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

V(BR)CER 

100 

_ 

Vdc 

dc = 200 mAdc, R0 e = 100 Ohms) 




Collector-Emitter Sustaining Voltage 

VcEO(sus) 

90 

_ 

Vdc 

dc “ 200 mAdc) 




Collector-Base Cutoff Current 

•CBO 



mAdc 

(VcB= 100 Vdc, Ig =0) 

- 

1.0 


(VcB = 100 Vdc, Ie = 0, Tc = 150°C) 


- 

5.0 


Emitter-Base Cutoff Current 

•ebo 

_ 

1.0 

mAdc 

(Vbe ~ 4 0 Vdc, Ic = 0) 






ON CHARACTERISTICS H) 


DC Current Gain 

dc = 7.5 Adc, VcE = 2.0 Vdc) 

hPE 

25 

100 

- 

Base-Emitter "On" Voltage 

(IC = 7.5Adc, Vce = 2.0 Vdc) 

VBE(on) 

- 

1.3 

Vdc 

Coliector-E matter Saturation Voltage 
dc = 7.5 Adc, Ir = 0.75 Adc) 

VcE(sat) 

- 

0.8 

Vdc 

Base-Emitter Saturation Voltage 
(IC = 7.5Adc, Ib = 0.75 Adc) 

VBE(sat) 

- 

1.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain - Bandwidth Product 

fT 

2.0 

_ 

MHz 

dc = 1.0 Adc, VcE = 10 Vdc, f = 1.0 MHz) 






ni Pulse Test; Pulse Widths 300 /is. Duty Cycle ^2.0%. 



0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 


Ic, COLLECTOR CURRENT (AMP) 



0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 

Ic, COLLECTOR CURRENT (AMP) 


3 


FIGURE 4 - ACTIVE REGION SAFE OPERATING AREA 



The Safe Operating Area Curves indicate 
Ic - VcE limits belowwhich the device will not 
enter secondary breakdown. Collector load 
lines for specific circuits must fall within the 
applicable Safe Area to avoid causing a cata- 
strophic failure. To insure operation below the 
maximum Tj, power-temperature derating 
must be observed for both steady state and 
pulse power conditions. 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


PNP SILICON POWER TRANSISTORS 

. . . designedforhigh-voltageamplifier and saturated switching appli- 
cations at collector currents to one Ampere. Ideally suited for appli- 
cations of dc-to-dc converters, relay and hammer drivers, motor con- 
trols, and servo and pulse amplifiers. High-voltage ratings permit 
direct-line operation. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = < 1-5 Vdc (Max) @ Ic = 500 mAdc 

• High Collector-Emitter Breakdown Voltage — 

V(br)CEO = 300 and 400 Vdc (Min) 

• DC Current Gain Specified — 10 mAdc to 500 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ4646 

MJ4647 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

400 

Vdc 

Collector-Base Voltage 

VCB 

300 

400 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

»C 

0.5 

Adc 

Peak 

1.0 


Total Device Dissipation @ Tq = 25°C 

pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/X 

Operating and Storage Junction 

Tj, Tstg 

-65 to +200 

X 

Temperature Range 1 





THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 

0JC 

35 

X/W 



IVIJ4646 

MJ4647 


1.0 AMPERE 
POWER TRANSISTORS 
PNP SILICON 
200-300-400 VOLTS 
5 WATTS 





STYLE 1: 
PINI.EMIHER 

2. BASE 

3. COLLECTOR 


DIM 

MILUM 

ETERS 

INC 

RES 

MIN 

MAX 

MIN 

MAX 



EKM 

Em 

0,370 

MM 


M-xm 

ESM 

0.335 

wm 

6,10 

6.60 

0.240 

0.260 

D 

0.406 

0.533 

0,016 

0.021 

E 

0.229 

3.18 

0,009 

0.125 

F 

0.406 

0.483 

0.016 

EX>I9 

G 

4,83 

5,33 

0,190 

0,210 

mm 

0.711 

0.864 



j 

0,737 

1.02 

0.029 

0.040 

n 

KIM 

_ 


_ 

n 

B9 

_ 


_ 

M 


45° NOM 

P 

- 1 1.27 

- 1 0.050 

Q 

90°NOM 

90° NOM 

R 

2.54 1 - 

0.100 1 - 


All JEDEC Dimensions and Notes Apply. 


CASE 79-02 
TO-205AP 









MJ4646, MJ4647 


ELECTRICAL CHARACTERISTICS (Ta = 25^0 unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

V(BR)CEO 





Oc = 10 mAdc, |0 = 0) 




- 


MJ4646 




- 


MJ4647 




- 


Collector-Base Breakdown Voltage 



■■iiiiii 



dc = 100 MAdc, Ie = 0) 






MJ4646 






MJ4647 




mH 


Emitter-Base Breakdown Voltage 

V(BR)€BO 

5.0 

- 

- 

Vdc 

(Ie = 100 MAdc, Ic = 0) 






Collector Cutoff Current 

•CEX 

- 

- 

10 

MAdc 

(VcE " 200 Vdc, VsEloff) “ 0-5 Vdc) 







ON CHARACTERISTICS 


DC Current Gain 
dc = 10 mAdc, VcE = 10 Vdc) 
dc = 100 mAdc, VcE = 10 Vdc)(1) 
dc = 500 mAdc, VcE = 10 Vdc) (1) 

hFE 

20 

25 

20 

- 

- 


Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

dc = 500 mAdc, Ig = 100 mAdc) 


- 




MJ4646 


- 

0.6 

1.2 


MJ4647 , 


- 

0.75 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
dc = 70 mAdc, VcE = 20 Vdc, f = 20 MHz) 

MJ4646 

MJ4647 



1 1 

1 1 

MHz 

Output Capacitance 


Oob 




pF 

(VcB = 20 Vdc, Ie = 0, f = 100 kHz) 








MJ4647 


- 

- 

60 



SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 100 Vdc, Ic = 500 mAdc, 

IbI = 50 mAdc, VBE(off) ~ 5.0 Vdc) 

Id 

- 

_ 

100 

ns 

Rise Time 

tr 

- 

- 

100 

ns 

Turn-Off 

Time 

(Vcc = 100 Vdc, Ic = 500 mAdc, 

*B1 Ib2 “ 50 mAdc, Pulse Width =1.0 ms) 

toff 

- 

- 

720 

ns 


( 1 ) Pulse Test: Pulse Width < 300 /ns. Duty Cycle < 2.0%. 


FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the 
transistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 2 is based on Tj(p|^) = 200°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj(pk) ^ 200°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed 
by second breakdown. 
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MOTOROLA 

■I SEMICONDUCTOR 

TECHNICAL DATA 


Data 


SWITCHMODE SERIES 
PNP SILICON POWER TRANSISTOR 

The MJ6503 transistor is designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. It is 
particularly suited for line operated switchmode applications such 
as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

100 ns Inductive Fall Time @ 25°C (Typ) 

125 ns Inductive Crossover Time @ 25°C (Typ) 

Operating Temperature Range -65 to +200°C 
100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 


Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.4 

°C/W 

Maximum Lead Temperature for Soldering 

Purposes: 1/8" from Case for 5 Seconds 

Tl 



(1 ) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. 


Rating 

Symbol 

MJ6503 

Unit 

Collector-Emitter Voltage 

VCEO 

400 

Vdc 

Collector-Emitter Voltage 

VCEV 

450 

Vdc 

Emitter Base Voltage 

< 

m 

CD 

6.0 

Vdc 

Collector Current — Continuous 

•c 

8.0 

Adc 

Peak (1 ) 

•cm 

16 


Base Current — Continuous 

>B 

4.0 

Adc 

Peak (1) 

■bm 

8.0 


Total Power Dissipation @ Tq = 25°C 

Pd 

125 

Watts 

@Tc= 100°C 


71.5 


Derate above 25°C 


0.714 

W/°C 

Operating and Storage Junction 

Tj, Tstg 

-65 to ■F200 


Temperature Range 






MJ6503 


8 AMPERE 

PNP SILICON 
POWER TRANSISTOR 

400 VOLTS 
125 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries - 
are given to facilitate "worst case" 
design. 



NOTES: 

1. DIMENSIONS 0 AND V ARE DATUMS. 

2. Gl] is seating plane and datum. 

3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLEQ: 

I ♦ I >.13(0.005)® I T |V© I 

FOR LEADS: 

I ♦ I ».13 (0.005)® T I V® I Q@| 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.B, 1973. 



LUIliMiy 






|DI 

ms 




MM 

hsh 


H9H 


mm 

■201 

mi&M 

gifnil 

EEUDI 

mm 

HEQ 





MRn 

■Kl 

■iIiLii 


||9 

HilE 


■ED 

IMSi 

\mm 





HEElQOEQHi 

a 



Imm 

■HQBQEI 

gillTil 

■XLni 

■a 

BEOKIEi 

■ilHil 


\mm 


■bh 

■I'Mil 

o 


lilTiTil 

■iW'lil 

o 


lilRil 



STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


CASE 1-05 
TO-204AA 
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MJ6503 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic \ Symbol } Min 1 Typ j Max | Unit \ 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 

(lC= 10 mA, Ib= 0) MJ6503 

VcEO(sus) 

400 

- 

_ 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(VcEV ” Rated Value, VBE(off) ^1-5 Vdc) 


- 

- 

0.5 


(VcEV ~ Rated Value, VBg(Qff) = 1 .5 Vdc, Tq == 150°C) 


- 

- 

2.5 


Collector Cutoff Current 

•CER 

- 

- 

3.0 

mAdc 

(VcE = Rated VqeV- RbE = 50 £1, Tq = 100°C) 






Emitter Cutoff Current 

'ebo 

- 

- 

1 .0 

mAdc 

(Vgg = 6.0 Vdc, \q = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

'syb 

See F igure 1 2 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See F igure 1 3 


ON CHARACTERISTICS (1) 


DC Current Gain 

dC = 2.0 Adc, VcE = 5 Vdc) 

hpE 

15 

- 

- 


Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

dc = 4 Adc, Ib = 1.0 Adc) 


- 

- 

1.5 


dC = 8 Adc, Ib = 3.0 Adc) 


- 

- 

5.0 


dc = 4 Adc, Ib = 1.0 Adc, Tq = 100°C) 


- 

- 

2.5 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dc = 4 Adc, Ib = 1.0 Adc) 


- 

- 

1.5 


dc = 4 Adc, Ib = 1.0 Adc, Tc = 100°C) 


- 


1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Oob 

100 

- 

400 

PF 

(VcB = 10 Vdc, 1 e = 0, ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

(Vcc= 250 Vdc, Ic " 4.0 A, Ibi = 10 A, 
tp = 50 MS, Duty Cycle < 2%) 

fd 

- 

0.025 

0.1 


Rise Time 

tf 

- 

0.100 

0.5 

FS 

Storage Time 

(Vcc = 250 Vdc, Ic = 4.0 A. 1 bi = 1 0 A, 

^BE(off) “ 5 Vdc, tp = 50 ms. Duty Cycle ^ 2%) 

ts 

- 

0.60 

2.0 

FS 

Fall Time 

tf 

- 

0.11 

0.5 

MS 

Inductive Load, Clamped (Table 1 ) [ 

Storage Time 

dc =4 A(pk), Vce(p'<) = 250 Vdc, Ibi = 1 -0 A, 
VBE(off) = 5 Vdc, Tc = 100°C) 

tsv 

- 

0.8 

3.0 

MS 

Crossover Time 

tc 

, 

0.4 

1.5 

MS 

Fall Time 

tfi 

- 

0.1 


MS 

Storage Time 

(IC = 4A(pk), Vce(p'<) = 250 Vdc, Ibi = 1.0 A, 
VBE(off) = 5Vdc,Tc = 250C) 

tsv 

- 

0.5 


MS 

Crossover Time 

.c 

- 

0.125 

- 

MS 

Fall Time 

tfi 


0.1 

- 

MS 


(1) Pulse Test; PW = 300 ms, Duty Cycle ^ 2% 
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MJ6503 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


RBSOAAND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 



0.2 mf 500 n % w 


MJ El 5028 -zh 

1 o.imf 


|01 adjusted to 
obtain the forced 
desired 

TURN OFF TIME 
Use inductive switchin{ 
driver as the input to 
the resistive test circuit 


— V adjusted to obtain desired Ig-j 
+ V adjusted to obtain desired V0E(off) 


Lcoil = 80nnH Vcc = 10 V 
Rcoil = 0.7n 


1-coil “ 180 fiH 
flcoil = 0 05 n 
Vcc = 20 V 


R adjusted to attain t 


Pulse Width = 10 jUs 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 


O See above Equivalent 

for Detailed 

lU Conditions Vdamp 



Scope - Tektronix 
475 or Equivalent 



FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 


FIGURE 8 - INDUCTIVE SWITCHING TIMES 




VBE(off), BASE-EMITTER VOLTAGE (VOLTS) 


VOLTAGE STORAGE TIME (ps) 







MJ6503 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% IbI to 10% VQg(pk) 
trv = Voltage Rise Time, 10-90% Vcg(pk) 
tfj = Current Fall Time, 90-10% \q 
tti = Current Tail, 10-2% Ic 
tc = Crossover Time, 10% V^glpk) to 10% Iq 
A n enlarged portion of the inductive switching waveforms 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10.0 

Ic, COLLECTOR CURRENT (AMPS) 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 
^SWT = Vcc'c^^c)^ 

In general, trv tfi ~ Ic However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tgy) which are 
guaranteed at 100°C. 


FIGURE 10 - TURN-OFF SWITCHING TIMES 



FIGURE 11 - THERMAL RESPONSE 



t, TIME (ms) 
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MJ6503 


The Safe Operating Area figures shown in Figures 12 and 13 are 
specified for these devices under the test conditions shown. 


FIGimE 12 - FORWARD BIAS SAFE OPERATING AREA 



FIGURE 13 - RBSOA, REVERSE BIAS SWITCHING 



p i 1 1 I \ I I I 1 I 1 

0 100 200 300 400 500 


Vq£, collector-emitter voltage (VOLTS) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC“VcE 
limits of the transistor that must be observed for reliable 
operation, i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate 

The data of Figure 12 is based on Tq = 25°C; T J(pk) 
IS variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when T^ ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
F igure 15 . 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the RBSOA characteristics. 


FIGURE 14 PEAK REVERSE BASE CURRENT 


FIGURE 15 POWER DERATING 



VBE(off), BASE-EMITTER VOLTAGE (VOLTS) 



0 40 80 120 160 200 


Tc. CASE TEMPERATURE {°C) 
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OoHifjnioi'f-i Data Sheot 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTOR 

The MJ8501 transistor is designed for high-voltage, high-speed, 
power switching in inductive circuits where fail time is critical. It is 
particularly suited for line operated switchmode applications such 


2.5 AMPERE 

NPN SILICON 
POWER TRANSISTOR 

800 VOLTS 
125 WATTS 


• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

300 ns Inductive Fall Time — 25°C (Typ) 

500 ns Inductive Crossover Time - 25°C (Typ) 
900 ns Inductive Storage Time — 25°C (Typ) 

Operating Temperature Range —65 to -h 200°C 
100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


Rating 

Collector-Emitter Voltage 
Collector-Emitter Voltage 

Emitter Base Voltage 

Collector Current — Continuous 

Peak (1) 

Base Current — Continuous 

Peak (1) 

Total Power Dissipation @ Tq = 25°C 
@ Tc = lOO^C 

Derate above 25°C 
Operating and Storage Junction 
Temperature Range 


Symbol 

' 

MJ8501 

Unit 

VCEO 

800 

Vdc 

VcEV 

1400 

Vdc 

Veb 

8.0 

Vdc 

'C 

2.5 

Adc 

•cm 

5.0 


•b 

2.0 

Adc 

•bm 

4.0 


^'D 

125 

Watts 


71 



0.71 

W/°C 

Tstg 

-65 to -F200 

OC 


Designer's Data for 
"Worst Case" Conditions 

The Designers' Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.4 

°C/W 

Maximum Lead Temperature for Soldering 

Tl 

275 

°c 


STYLE 1 

PIN 1. BASE 
2, EMITTER 
CASE COLLECTOR 


NOTES: U 

1. DIMENSIONS 0 AND V ARE DATUMS. 

2. [T] IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLEQ: 

. I ♦ I ♦.13(0.005)® I T |V©1 

FOR LEADS: 

I ♦ I 1.13 (0.006) ©T 1 V® I Q@| 


MILLIMETERS INCHES 
DIM MIN M^ MIN MAX 

A - 39.37 - 1.550 

B - 21.08 - 0.830 

C 6.35 7.62 0.250 0.300 

D 0.97 1.09 0.038 0.043 


Purposes: 1/8” from Case for 5 Seconds [ 

(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 


F 30.15 BSC 1.187 BSC 

G 10.92 BSC 0.430 BSC 

H 5.46 BSC 0.215 BSC 

J 16.89 BSC 0.665 BSC 

K 11.18 I 12.19 T440| 0.480 
Q 3.81 4.19 0.150 0^165 

R - 26.67 - 1.QS0 


CASE 1-05 
TO-204AA 
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MJ8501 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 

dC = 100 mA, Ib =0) MJ8501 

VcEO{sus) 

800 

- 

- 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(VcEV “ Rated Value, VBE(off) = 1-5 Vdc) 


- 

- 



(VcEV = Rated Value, VBE(off) = Vdc, Tq = 150°C) 


- 

- 



Collector Cutoff Current 

•CER 

- 

- 

5.0 

mAdc 

(VcE = Rated Vcev* ^BE = 50 n, Tq = 100°C) 






Emitter Cutoff Current 

•ebo 

- 

- 

1.0 

mAdc 

(VgB = 7.0 Vdc, 1^ = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

'S/b 

See Figure 12 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 3 


ON CHARACTERISTICS (1 ) 


DC Current Gain 

(Iq = 0.5 Adc, Vqe = 5.0 Vdc) 


7.5 

- 

- 

- 

Collector-Emitter Saturation Voltage 

VcE(sat) 





(Iq = 1.0 Adc, Ig = 0.33 Adc) 


- 

_ 



(Iq = 2.5 Adc, Ig = 1.0 Adc) 


_ 

_ 



{\q = 1.0 Adc, Ig = 0.33 Adc, Tq = 100°C) 


- 

- 

mom 


Base-Emitter Saturation Voltage 

VBE(sat) 



IHIIHIIIH 


(Iq = 1.0 Adc, Ig = 0.33 Adc) 


_ 

- 



dc « 1.0 Adc, Ig = 0.33 Adc, TC = 100^0 


- 

- 

mUM 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

50 

- 


PF 

( VcB = 1 0 Vdc, 1 E = 0, ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

(Vcc “ 500 Vdc, Ic = 1 0 A, 

Ibi = 0,33 A, VBE(off) * 5.0 Vdc, tp = 50 jus. 
Duty Cycle < 2.0%) 

td 

- 

0.045 

0.20 

MS 

Rise Time 

tr 

- 

0.2 

2.0 

MS 

Storage Time 

^s 

- 

1.0 

4.0 

MS 

Fall Time 

tf 

- 

0.5 

2.0 

MS 


Storage Time 

dc = 1.0 A(pk), Vj,,g^p = 500 Vdc, Ig, = 0.33 A, 
VBE(off) = 5Vdc,Tc = lOO^C) 

tsv 

- 

1.3 

4.0 

MS 



- 

0.6 

2.0 

MS 

Storage Time 

dc = 1.0 A(pk), V^ia^p = 500 Vdc, Ibi = 0.33 A, 

VBE(off)=5Vdc, Tc = 250C) 

fsv 

- 

0.9 

- 

MS 

Crossover Time 

fc 

- 

0.5 

- 

MS 

Fall Time 

tfi 

- 

0.3 

- 

MS 


(1 ) Pulse Test; PW - 300 jus. Duty Cycle < 2%. 
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'82 (pk). base current (AMPS) 


MJ8501 


SWITCHING TIMES NOTE 



TIME 


FIGURE 8 - PEAK REVERSE BASE CURRENT 



In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% Vq^ |p|^) 
trv = Voltage Rise Time, 10-90% Vq^ (pk) 
tfj = Current Fall Time, 90-10% Iq 
tti = Current Tail, 10-2% Iq 
tc = Crossover Time, 10% V^E (pk) to 10% Iq 
A n enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PSWT " Vcclc^^c^^ 

In general, t^v + tfj — t^,. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a “SWITCHMODE" transistor are 
the inductive switching speeds (tc and tsv) which are 
guaranteed at 1 00°C. 


RESISTIVE SWITCHING PERFORMANCE 


FIGURE 9 - TURN - ON SWITCHING TIMES 


FIGURE 10 - TURN - OFF SWITCHING TIMES 
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MJ8501 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VcEO(sus) 


RBSOAAND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 


</) 

SE 

zo 

""Z 

o 

o 



PW Varied to Attain 
Ic = 100 mA 



TURN ON TIME 



I3I adjusted to 
obtain the forced 
hp3 desired 


TURN OFF TIME 
Use inductive switching 
driver as the input to 
the resistive test circuit. 


I— </5 

o> 


^coil 

^coil 


80 m H V QQ 
0.7 n 


Lcoil = 180 mH 
Rcoil - 0.05 n 
Vcc = 20 V 


''clamp = 500 V 


Vcc = 500 V 
R L = 500 n 


Pulse Width = 50 fit 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 


W TU-^ t I 

IN4934 I S 

"XtQ Ti 

I N4934 ^ ^clamp 



t^ Adjusted to 
Obtain Ic 

l-coilCCpk* 
^ __ 

_ l-cojidCpi^) 

^ Vclarrtp 

Test Equipment 
Scope — Tektronix 
475 or Equivalent 



FIGURE 11 - THERMAL RESPONSE 
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Ic (pk), PEAK COLLECTOR CURRENT (AMPS) 


MJ8501 


FIGURE 12 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 



8.0 10 20 40 60 80100 200 400 600 800 

VcE. COLLECTOR-EMIHER VOLTAGE (VOLTS) 


FIGURE 13 - RBSOA, REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 



SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete RBSOA characteristics. 


figure 14 - POWER DERATING 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


DeltcV 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ8502 and MJ8503 transistors are designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for line operated switchmode 
applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

150 ns Inductive Fall Time— 25°C (Typ) 

400 ns Inductive Crossover Time— 25®C (Typ) 

1200 ns Inductive Storage Time-25®C (Typ) 

Operating Temperature Range -65 to + 200°C 
100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 





5.0 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

700 and 800 VOLTS 
160 WATTS 


Designer's Data for 
"Worst Case" CorKlitions 

The Designers' Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries - 
are given to facilitate "worst case" 
design. 



MAXIMUM RATINGS 



Rating 

Symbol 

Collector-Emitter Voltage 

VCEO 

Collector-Emitter Voltage 

''CEV 

Emitter Base Voltage 

veb 

Collector Current — Continuous 

‘c 

Peak (1 ) 

•cm 

Base Current — Continuous 

•b 

Peak (1) 

•bm 

Total Power Dissipation @ Tq = 25°C 
@Tc = lOO^C 

Derate above 25°C 

Pd 

Operating and Storage Junction 
Temperature Range 

Tj, Tjtg 



THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Maximum Lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds 
(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle * 




V DIMENSIONS Q AND V ARE DATUMS, 

2. GlI is SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR MO UNTING HOLE Q: 
l4l 0.13(0.0051® I t1v®I 

FOR LEADS: 

141 0.1310.005)® tI V®lo®l 

4. DIMENSIONS AND TOLERANCES PER ANSI Y14.5, 


STYLE V. 

PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


4.83 S.33 T 0.190 0.210 I 

3.81 I 4.19 I 0.151 I 0.1 ^ 


CASE 1-05 
TO-204AA 
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MJ8502, MJ8503 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic { Symbol \ Min j Typ \ Max \ Unit J 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) MJ8502 

dc = 100 mA, Ib =0) MJ8503 

VcEO(sus) 

700 

800 

- 

- 

Vdc 

Collector Cutoff Current 

(VcEV “ Rated Value, VBE(off) = 1-5 Vdc) 

(VcEV ~ Rated Value, VgEioff) ~ ^ Vdc, Tq = 150°C) 

•CEV 

- 

- 

0.25 

5.0 

mAdc 

Collector Cutoff Current 

(VcE = Rated VqeV. ^BE = 50 fi, Jq = 100°C) 

•CER 

~ 

~ 

5.0 

mAdc 

Emitter Cutoff Current 
(Veb = 7.0 Vdc, Iq = 0) 

•ebo 

~ 


1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 12 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 13 


ON CHARACTERISTICS (1) 


DC Current Gain 

(IC= 1.0 Adc, Vce = 5.0 Vdc) 

hpE 

7.5 

- 

- 

- 

Collector-Emitter Saturation Voltage 

Vce (sat) 




IHIQni 

(IC = 2.5 Adc, Ib= 1.0 Adc) 


- 

- 



(IC = 5.0 Adc, Ib = 2.0 Adc) 


- 

- 



dc = 2.5 Adc, Ib = 1.0 Adc, Tq = 100°C) 


- 

- 


mm 

Base-Emitter Saturation Voltage 

VBE(sat) 




■jlQQIIII 

dc = 2.5 Adc, Ib= 1.0 Adc) 






(IC = 2.5 Adc, Ib = 1.0 Adc, Tq = 100^0 



- 

■H 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

1 Cob 1 


- 


PF 

(VcB = 10 Vdc, Ie = 0, ftest = l O kHz) 

■■■■ 






SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) j 

Delay Time 

(Vce = 500 Vdc, 1C = 2.5A, 

IB1 = 1.0 A, VBE(off) “5.0 Vdc, tp = 50 ms. 

Duty Cycle < 2.0%) 

td 

- 

0.040 

0.20 

MS 

Rise Time 

Xf 

- 

0.125 

2.0 

MS 

Storage Time 

ts 

- 

1.2 

4.0 

MS 

Fall Time 

tf 

- 

0.65 

2.0 

MS 

Inductive Load, Clamped (Table 1) j 

Storage Time 

dc = 2.5 A(pk), Vciamp = 500 Vdc, Ibi = 1.0 A, 
VBE(off) “ 5 Vdc, TC = 100°C) 

tsv 

- 

1.6 

5.0 

MS 

Crossover Time 

tc 

- 

0.60 

2.0 

MS 

Storage Time 

dc = 2.5 A(pk), Vciamp “ 500 Vdc, Ibi = 1.0 A, 

VBE(off) = 5Vdc, Tc = 250C) 

tsv 

- 

1,2 

- 

MS 

Crossover Time 

tc 

- 

0.4 

- 

MS. 

Fall Time 

tfi 

- 

0.15 

- 

MS 


(1 ) Pulse Test: PW - 300 ms. Duty Cycle < 2%. 
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Ic, COLLECTOR CURRENT (yA) 


MJ8502, MJ8503 


FIGURE 1 DC CURRENT GAIN 


FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 3 - COLLECTOR -EMITTER SATURATION REGION 


FIGURE 4 - BASE-EMITTER VOLTAGE 
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FIGURE 5 - COLLECTOR CUTOFF REGION 


FIGURE 6 - CAPACITANCE 
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REVERSE —►EORWARO- 


- 0.2 0 + 0.2 + 0.4 + 0.6 

Vbe, BASE-EMITTER VOLTAGE (VOLTS) 
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t, TIME ins) lB2(pk), BASE CURRENT (AMPS) 


MJ8502, MJ8503 


SWITCHING TIMES NOTE 


FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 



FIGURE 8 - PEAK REVERSE BASE CURRENT 



In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% VcE(pk) 
trv = Voltage Rise Time, 10-90% VcE(pk) 
tfj = Current Fall Time, 90 — 10% Iq 
tti = Current Tail, 10 — 2% Iq 
tc = Crossover Time, 10% VcE(pk) to 10% Ic 
An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222 : 
^SWT " Vcc*C<^c)^ 

In general, trv + tfj — t^,. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a “SWITCHMODE" transistor are 
the inductive switching speeds (tc and tsv) which are 
guaranteed at 100°C. 


RESISTIVE SWITCHING PERFORMANCE 


FIGURE 9 - TURN-ON SWITCHING TIMES FIGURE 10 - TURN-OFF SWITCHING TIMES 
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dt), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


MJ8502, MJ8503 


TABLE 1 ~ TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VCEO(sus) 


RBSOAANO INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 



PW Variad to Attain 
• C = 100 mA 



TURN ON TIME 



Igl adjustad to 
obtain tha forced 
hpg desired 


TURN OFF TIME 
Use inductive switching 
driver as the input to 
the resistive test circuit. 



80 mH Vcc 
0.7 n 


10 V 


Lcoil = 180 pH 
Rcoil ~ 0.05 SI 
Vcc = 20 V 


Vcc = 500 V 


Vclamp = 500 V 


R 1_ = 200 n 


Pulse Width = 50 Ms 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 


5 

o 



t^ Adjusted to 
Obtain Ic 



1 t, Clamped l-coil<ICpk> 

.1 , '1 ““ Vcc 


^ l-coiidCp^) 

VcE*or 

|''clanfip 

n 

1 '^clamp 

1 Test Equipment 

T.rr,. Scope - Tektronix 

• ^ ' 475 or Equivalent 




0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1.0 k 2.0 k 

t. TIME (ms) 
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MJ8502, MJ8503 


SAFE OPERATING AREA INFORMATION 


FIGURE 12 - MAXIMUM FORWARD BIAS SAFE OPERATING 



FIGURE 13 - RBSOA, REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC“Vqe 
limits of the transistor that must be observed for reliable 
operation, i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C; T j(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 
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1 \ ^ \ \ 








— 


20Q 400 600 800 1000 1200 
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REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete RBSOA characteristics. 


FIGURE 14 - POWER DERATING 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


IVU8504 

MJ8505 


Data Stiee^t 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ8504 and MJ8505 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line operated switch- 
mode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

75 ns Inductive Fall Time — 25°C (typ) 

150 ns Inductive Crossover Time — 25°C (typ) 

1.25 ms Inductive Storage Time -25^C (typ) 

Operating Temperature Range —65 to + 200°C 
100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


~ Rating 

Collector-Emitter Voltage 
Collector-Emitter Voltage 
Emitter Base Voltage 
Collector Current — Continuous 
Peakd) 

Base Current — Continuous 
Peak (1 ) 

Total Power Dissipation @ Tq = 25°C 
@Tc = lOO^C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 




Symbol 

MJ8504 

MJ8505 

Unit 

VCEO 

700 

800 

Vdc 

VCEV 

1200 

1400 

Vdc 

< 

m 

CD 

8.0 

8.0 

Vdc 

ic 

10 

10 

Adc 

'cm 

15 

15 


•b 

8 

8 

Adc 

'bm 

12 

12 


Pd 

175 

175 

Watts 


100 

100 



1.0 

1.0 

W/°C 

Tj. Tstg 

-65 tc 

1-P200 

°C 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.0 

°C/W 

Maximum Lead Temperature for Soldering 

Purposes; 1/8” from Case for 5 Seconds 

Tl 

275 

°c 

(1 ) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. 





10 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

700 and 800 VOLTS 
1 75 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 





NOTES: 

1. DIMENSIONS 0 AND V ARE DATUMS. 

2. [T] IS SEATING PLANE AND DATUM, 

3. POSITIONAL TOLERANCE FOR MO UNTING HOLE 0; 
14-1 0.13(0.0051® I tIv^ 

FOR LEADS: 

l4l 0.13(0.005)0 t| v®|q®| 

4. DIMENSIONS AND TOLERANCES PER ANSI Y14.S, 


STYLE 1: 

PINT BASE 
2. EMITTER 
CASE COLLECTOR 


MILUMETERS INCHES 
MIN I MAX ' MIN I MAX 


6.35 7.62 0.250 0.300 

0.97 1.09 0.038 0.043 

I. 40 I 1.78 ~ 0.055 0.0^ 

30.15 BSC 1.187 BSC 

10.92 BSC 0.430 BSC 

5.46 BSC 0.215 BSC 

16.89 BSC 0.665 BSC 

II. 18 12.19 ~ 0.440 0.48r~ 

3.81 4.19 0.151 0.165 


CASE 1-05 
TO-204AA 
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MJ8504, MJ8505 


ELECTRICAL CHARACTERISTICS (T^ ^ 25°C unless otherwise noted) 

Characteristic { Symbol | Min | Typ | Max | Unit ) 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) MJ8504 

dc = 100 mA, Ib == 0) MJ8505 

VcEO(sus) 

700 

800 

_ 

_ 

Vdc 

Collector Cutoff Current 

^^CEV Rated Value, VBE(off) " 1-5 Vdc) 

(VcEV ~ Rated Value, VBE(off) “ 1-5 Vdc, Tc = 150°C) 

•CEV 

- 

- 

0.25 

5.0 

mAdc 

Collector Cutoff Current 

(VcE = Rated VqeV- RbE = 50 n, Tq = 100°C} 

'CER 

— 

- 

5.0 

mAdc 

Emitter Cutoff Current 
(Vgg = 7.0 Vdc, Iq = 0) 

'ebo 

— 

— 

1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

'S/b 

See Figure 12 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 13 


ON CHARACTERISTICS (1 ) 


DC Current Gain 

(Iq = 1 .5 Adc, Vq£ = 5.0 Vdc) 

hFE 

7.5 

- 

- 

- 

Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

dc = 5.0 Adc, Ib = 2.0 Adc) 


- 

- 

2.0 


dc = 10 Adc, Ib = 4.0 Adc) 


- 

- 

5.0 


dc = 5.0 Adc, Ib = 2.0 Adc, Tq = 100°C) 


- 

- 

3.0 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dc = 5.0 Adc, Ib = 2.0 Adc) 


_ 

_ 

1.5 


dc = 5.0 Adc, Ib = 2.0 Adc. Tc = 100°C) 


- 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Oob 

90 

- 

450 

pF 

(VcB = 10 Vdc, Ie = 0, ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

(Vcc = 500 Vdc, Ic = 5.0 A, 

IbI = 2.0 A, VBE(off) = 5.0 Vdc, tp = 50 ms, 

Duty Cycle < 2.0%) 

^d 

- 

0.050 

0.20 

MS 

Rise Time 

tr 

- 

0.175 

2.0 

MS 

Storage Time 

ts 

- 

1.25 

4.0 

MS 

Fall Time 

tf 

- 

0.60 

2.0 

MS 

Inductive Load, Clamped (Table 1 ) | 

Storage Time 

dc = 5.0 A(pk), Vciamp = 500 Vdc, 1 bi = 2.0 A. 
VBE(off) =5Vdc. Tc= 100°C 

tsv 

I 

1.75 

5.5 

MS 

Crossover Time 

^c 


0.400 

2.0 

MS 

Storage Time 

dc = 5.0 A(pk), V^,3^p = 500 Vdc , Igi = 2.0 A, 

VBE(off) =5 Vdc, Tc = 25°C) 

^sv 

- 

1.25 

- 

MS 

Crossover Time 

tc 

- 

0.150 

- 

MS 

Fall Time 

tfi 

- 

0.075 

- 

MS 


(1 ) Pulse Test: PW - 300 jus. Duty Cycle < 2%. 
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Ic, COLLECTOR CURRENT (pA) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE. DC CURRENT GAIN 


MJ8504, MJ8505 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - COLLECTOR SATURATION REGION 



REVERSE-^ 

250c 


-0.2 0 +0.2 +0.4 +0.6 

Vde, base emitter voltage (VOLTS) 



0.1 0.2 0.5 1,0 2.0 5.0 10 20 50 100 200 500 1000 

Vr, reverse voltage (VOLTS) 







IB2 (pk), BASE CURRENT (AMPS) 


MJ8504, MJ8505 


SWITCHING TIMES NOTE 


FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 


FIGURE 8 - PEAK REVERSE BASE CURRENT 



0 2.0 4.0 6.0 8.0 10 

VbE (o«). base-emitter voltage (VOLTS) 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Iri to 10% VcE(pk) 
t|-v = Voltage Rise Time, 10—90% VcE(pk) 
tfj = Current Fall Time, 90-10% Iq 
tti = Current Tail, 10-2% Ic 
tc = Crossover Time, 10% VcE(pk) to 10% Iq 
A n enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222A: 
^SWT " Vcc'c^^c^^ 

In general, try + tfj — t^. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tsv) which are 
guaranteed at 100°C. 


RESISTIVE SWITCHING PERFORMANCE 



-1.0 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

Ic, COLLECTOR CURRENT (AMPS) 


FIGURE 10 - TURN-OFF SWITCHING TIMES 
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r(t) TRANSIENT THERMAL RESPONSE 


MJ8504, MJ8505 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VCEO(sus) 


RBSOAANO INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 


2E 

zo 

“Z 

o 

u 


0 



PW V»ri«d to Attain 
IC = 100 mA 


K (0 

5< 

o> 


•-coil ~ mH Vqc = 10 

Rcoil = 0.7n 



TURN ON TIWE 



Igl adjusted to 
obtain the forced 
hfrg desired 


TURN OFF TIME 
Use inductive switching 
driver as the input to 
the resistive test circuit. 


Lcoil = 180 pH 
^coil ~ 0.05 n 
Vcc = 20 V 


'^clamp 


500 V 


Vcc “ 500 V 
Rl = 100 SI 


Pulse Width » 


50 MS 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 


IN4934 ^ ^clamp ^ ^CC ^ 



t^ Adjusted to 
Obtain 1^ 

•-coil 

'-coil<'Cpk> 

tr) % r 

'^clamp 

Test Equipment 
Scope - Tektronix 
475 or Equivalent 



FIGURE 11 - THERMAL RESPONSE 
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ic (pk), PEAK COLLECTOR CURRENT (AMPS) ^ ^ COLLECTOR CURRENT (AMPS) 


MJ8504, MJ8505 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 



FIGURE 13 - RBSOA, REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 



VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC“VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tc = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

Tj(pk) rnay be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete RBSOA characteristics. 


figure 14 - POWER DERATING 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



MJIOOOO 

MJlOOOl 


Designer’s Data Sheet 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 

The MJ10000 and MJ10001 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line oper- 
ated switchmode applications such as: 


• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 


100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times With Inductive Loads — 
210 ns Inductive Fall Time (Typ) 
Saturation Voltages 
Leakage Currents 



20 AMPERE 

NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

350 and 400 VOLTS 
175 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designer's Data Sheet permits the design 
of most circuits entirely from the information 
presented. Limit curves — representing bound- 
aries on device characteristics — are given to 
facilitate "worst case" design. 


MAXIMUM RATINGS 

Rating 

Symbol 

MJIOOOO 

MJ10001 

Unit 

Collector-Emitter Voltage 

VCEO 

350 

400 

Vdc 

Collector-Emitter Voltage 

VcEX 

400 

450 

Vdc 

Collector-Emitter Voltage 

VCEV 

450 

500 

Vdc 

Emitter Base Voltage 

Veb 


Vdc 

Collector Current - Continuous 

•c 


20 


Adc 

-Peak(l) 

•cm 


30 



Base Current — Continuous 

Ib 


2.5 


Adc 

— Peak(1) 

>BM 



5 



Total Power Dissipation @ Tq = 25°C 

Pd 


175 


Watts 

@Tc = 100OC 




100 



Derate above 25°C 







W/OC 

Operating and Storage Junction 

TjTstg 

-65 to +200 


°C 

Temperature Range 








THERMAL CHARACTERISTICS \ 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1 

OC/W 

Maximum Lead Temperature for Soldering 

Tl 

275 


OC 

Purposes: 1/8" from Case for 5 Seconds 







(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 



p- 





PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


DIM 

MILLin 

/lETERS 

INCHES 

MIN 


MIN 

17iF:V 

A 

- 



■fill 

B 

- 

lEEOl 


EEini 

C 

6.35 

7.62 

0.250 

■iMiM 

D 

0.97 

1.09 

0.038 

0.043 

t 

MtTil 

iWHa 

Hipg 


F 

HD 


■IQ 

EOS 

6 

10.9 

BSC 


H 

5.4 

BSC 

0.215 BSC 

J 

16.8 

BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

El 

■(HI 

■iEl 

■iSHil 

■ill** 

R 


lEia 


■Ml 

U 

4. 83 

5.33 

0.190 

0.210 

~V~' 

3.81 

4.19 

0.150 

0.165 


CASE 1-05 
T0-204AA 
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MJ10000. MJ10001 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted). 

Characteristic I Symbol j Min 1 Typ | Max 1 UniT 


OFF CHARACTERISTICS (2) 


Collector-Emitter Sustaining Voltage (Table 1) 

He = 250 mA. Ib = 0, V^amp = Rated VcEO) MJ10000 

MJ10001 

VcEO(sus) 

350 

400 

- 

- 

Vdc 

Collector-Emitter Sustaining Voltage (Table 1, Figure 12) 

VcEX(sus) 




Vdc 

IC = 2 A, Vciamp = Rated Vqex. Tc = 1 00°C MJ1 0000 


400 

- 

- 


MJ10001 


450 

— 

- 


IC = 10 A. Vciamp = Rated Vcex- Tc = lOO^C MJ10000 


275 

- 

- 


MJ10001 


325 

_ 

— 


Collector Cutoff Current 

•CEV 




mAdc 

(VcEV ^ Rated Value. VBE(off) Vdc) 


- 

- 

0.25 


(VcFV = Rated Value. VRFioff) = 1.5 Vdc, Tc = 150°C) 


- 

— 

5 


Collector Cutoff Current 

•CER 

- 

- 

5 

mAdc 

(VcF = Rated Vcev. Rre = 50 Tc = 100°C) 






Emitter Cutoff Current 

•ebo 

- 

- 

150 

mAdc 

(Veb= 8 Vdc, lc = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 1 1 

Adc 


ON CHARACTERISTICS (2) 


DC Current Gain 

dc = 5 Adc, VcE ~ 5 Vdc) 

<IC = 10 Adc. VcF "=5 Vdc) 

hpE 

50 

40 

■ 

m 


Col lector- Emitter Saturation Voltage 





Vdc 

dc = 10 Adc. Ib = 400 mAdc) 


- 




dc = 20 Adc, Ib = 1 Adc) 


- 




dc = 10 Adc, Ir = 400 mAdc, Tc = lOO^C) 


- 

HHiH 

HIIIQH 


Base-Emitter Saturation Voltage 


■■■■ 


■■ 

UnQUI 

dc = 10 Adc. Ib = 400 mAdc) 






dc = 10 Adc, Ir = 400 mAdc, Tc = lOO^C) 



|BH|H 


mm 

Diode Forward Voltage (1) 

Vf 

_ 

3 

5 

Vdc 

(If = 10 Adc) 







DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

dc = 1.0 Adc, VcF = 10 Vdc, ftfict = 1 MHz) 

Ihfel 

10 


- 

- 

Output Capacitance 

( VcB = 1 0 Vdc, 1 E = 0. ftest = 1 00 ^Hz) 

Opb 

100 


325 

PF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) 1 

Delay Time 


td 

_ 

0.12 

0.2 

MS 


(Vcc = 250 Vdc, lc= 10 A, 






Rise Time 

lpi = 400 mA, VRF(nff) = 5 Vdc, tp = 50 MS, 

tr 

- 

0.20 

0.6 

MS 

Storage Time 

Duty Cycle < 2%). 

ts 

- 

1.5 

3.5 

MS 

Fall Time 


tf 

- 

1.1 

2.4 

MS 

Inductive Load, 

Clamoed (Table 1 ) 






Storage Time 

dc = 10 A(pk), Vciamp = Rated VceX- 'BI = “^00 mA, 

tsv 

- 

3.5 

5.5 

MS 

Crossover Time 

VBE(off) = 5Vdc, Tc = 100OC) 

k 

- 

1.5 

3.7 

MS 

Storage Time 

dc = 10 A(pk), Vciamp = Rated VceX> 'BI = ^00 mA, 


_ 

1.0 

_ 

■ MS 

Crossover Time 

VBE(off) = 5Vdc,Tc = 25°C) 

tc 

- 

0.7 

_ 

MS 


(1) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown that the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical fast 
recovery rectifiers. 

(2) Pulse Test: Pulse Width = 300 ms. Duty Cycle < 2%. 
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Ic, COLLECTOR CURRENT (mA) V, VOLTAGE (VOLTS) 2 hpE, DC CURRENT GAIN 



CURE 3 - COLLECTOR EMMITTER SATURATION VOLTAGES 




Cob, OUTPUT CAPACITANCE (pF) _ V, VOLTAGE (VOLTS) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 







MJ 10000, MJ 10001 



SWITCHING TIMES NOTE 



TIME 


In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% Vdamp 
trv = Voltage Rise Time, 10—90% Vdamp 
tfj = Current Fall Time, 90—10% Iq 
tti = Current Tail, 10-2% Ic 
tc = Crossover Time, 10% Vdamp 10% Iq 
A n enlarged portion of the turn-off waveforms is shown in 
Figure 7 to aid in the visual identity of these terms. 
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MJ10000, MJ10001 


SWITCHING TIMES NOTE (continued) 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover Interval and can be obtained 
using the standard equation from AN-222: 

PSWT = 1/2 VccICdc) ^ 

In general, t^.^ + tfj — t^. However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25^0 and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a “SWITCHMODE" transistor are the inductive 
switching speeds (tc and tsv) which are guaranteed at 
IOQOC. 


RESISTIVE SWITCHING PERFORMANCE 


FIGURE 8 - TURN-ON TIME 


FIGURE 9 - TURN-OFF TIME 


-VBE(off) = 5V — 
I Vcc = 250V 

I Ic/IB = 25 







B 


IC, COLLECTOR CURRENT (AMP) 


IC, COLLECTOR CURRENT (AMP) 


FIGURE 10 - THERMAL RESPONSE 


■DPI 






TLTL 


DUTY CYCLE, D = t]/t2 


PULSE TRAIN SHOWN 


READ TIME AT ti 


Tj(pk) -Tc = P(pk) Z9JC(t) 


















MJ 10000, MJ 10001 



SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic~Vce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on Tq = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve on 
Figure 13. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices Is specified as at a given 

collector current and represents a voltage-current condi- 
tion that can be sustained during reverse biased turn-off. 
This rating Is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Fig- 
ure 12 gives the complete reverse bias safe operating area 
characteristics. 



0 40 80 120 160 200 


Tc, CASE TEMPERATURE (OC) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJ10002 


Designers Data Sheet 


10 AMPERE 

NPN SILICON 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 

The MJ10002 Darlington transistor is designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. It is particularly suited for line operated switchmode appli- 
cations such as: 


POWER DARLINGTON 
TRANSISTORS 

350 VOLTS 
150 WATTS 


• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

100°C Performance Specified for; 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads — 
140 ns Inductive Fall Time (Typ) 
Saturation Voltages 
Leakage Currents 



Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 




MAXIMUM RATINGS 


Rating 

Symbol 

MJ10002 

Unit 

Collector-Emitter Voltage 

VCEO 

350 

Vdc 

Collector-Emitter Voltage 

VcEX 

400 

Vdc 

Collector-Emitter Voltage 

< 

o 

m 

< 

450 

Vdc 

Emitter Base Voltage 

Veb 

8.0 

Vdc 

Collector Current — Continuous 

'c 

10 

Adc 

-Peakd) 

•cm 

20 


Base Current — Continuous 

•b 

2.5 

Adc 

— Pea k ( 1 ) 

•bm 

5.0 


Total Power Dissipation @ Tq = 25°C 

Pd 

150 

Watts 

@ Tc = 100°C 


100 


Derate above 25°C 


0.86 

W/°C 

Operating and Storage Junction 

Tj-Tstg 

-65 to +200 

°C 


I Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case . 

R0JC 

1.17 

oc/w 

Maximum Lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds 

Tl 

275 

°c 

(1) Pulse Test; Pulse Width = 5.0 ms. Duty Cycle < 10%. 







PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 

/V '1 


NOTES: 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. GlJ is seating plane and datum. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLEQ: 

I » I ♦.13 (0.005)® 1 T |V© I 

FOR LEADS: 

I I L13 (0.005)®T 1 V® I Q® 


MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A - 39.37 - 1.550 

B - 21.08 - 0.830 

rc~ 6.35 7.62 D.25D 0.300 

0.97 1.09 0.038 0.043 


CASE 1-05 
TO-204AA 
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MJ10002 


ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted). 

I Characteristic ~ | Symbol [ Min | Typ [ Max | Unit | 


OFF CHARACTERISTICS (2) 


Collector-Emitter Sustaining Voltage (Table 1) 

(IC = 250 mA, Ib = 0, V^amp = Rated VcEO^ MJ10002 

VcEO(sus) 


- 

- 


Collector-Emitter Sustaining Voltage (Table 1 , Figure 1 2) 

VcEX(sus) 




Vdc 

(IC = 1 .0 A, Vciamp = Rated VqeX' Tq = 1 0O^C) MJ10002 



- 

~ 


(IC * 5.0 A, Vciamp = Rated Vcex^ Tq = 100^0 MJ10002 


275 

- 

- 


Collector Cutoff Current 

•CEV 





(VcEV = Rated Value, VBE(off) '/dc) 


- 

- 


■■ 

(VcEV = Rated Value, VgEioff) = '>•5 Vdc, Tq = 150°C) 


“ 

- 


IHH 

Collector Cutoff Current 

•CER 

- 

- 



(VcE = Rated VqeV. RbE = 50 n, Jq = 100°C) 





■■i 

Emitter Cutoff Current 


- 

- 



(Veb = 8.0 Vdc, lc = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 1 1 

Adc 


ON CHARACTERISTICS (2) 


DC Current Gain 

(IC = 2.5 Adc, Vce = 5.0 Vdc) 

(IC = 5.0 Adc, Vce = 5.0 Vdc) 

f^FE 


- 

500 

300 


Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

dc = 5.0 Adc, Ib = 250 mAdc) 


- 

- 

1.9 


(IC = lOAdc, Ib = 1.0 Adc) 


- 

- 

2.9 


dc = 5,0 Adc, Ib = 250 mAdc, Tq = lOO^C) 


- 

- 



Base-Emitter Saturation Voltage 

V BE (sat) 



iHm 


dc = 5.0 Adc, Ib = 250 mAdc) 


- 

- 



dc = 5.0 Adc, Ib = 250 mAdc, Tc = 100^0 


- 

- 


IHii 

Diode Forward Voltage (1) 

Vf 

- 

3.0 

5.0 

|HQQ|i 

(Ip =5.0 Adc) 







DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

dC = 1.0 Adc, VcE = 10 Vdc,ftest= 10 MHz) 


10 

- 

- 

- 

Output Capacitance 

(VcB =50 Vdc, Ie = 0, ftest = 100 kHz) 



■ 




SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

(Vcc = 250 Vdc, Ic = 5.0 A, 

Ibi = 250 mA, VBE(off) 5.0 Vdc, tp = 50 ms. 

Duty Cycle < 2.0%). 

td 

- 

0.05 

0.2 

MS 

Rise Time 

tr 

- 

0.25 

0.6 

MS 

Storage Time 

ts 

- 

1.2 

3.0 

MS 

Fall Time 

tf 

- 

0.6 

1.5 

MS 

Inductive Load, Clamped (Table 1) j 

Storage Time 

dc * 5.0 A(pk), Vciamp Rated VcEX' ^Bl = 250 mA, 
VBE(off) " 5.0 Vdc, Tc = 100°C) 

tsv 

- 

2.1 

5.0 

MS 

Crossover Time 

tc 

- 

1.3 

3.3 

MS 

Storage Time 

dc = 5.0 A(pk), Vciamp = Rated VceX- ^BI = 250 mA, 
VBE(off) = 5.0 Vdc, Tc = 250C) 

tsv 

- 

0.92 

_ 

MS 

Crossover Time 

tc 

- 

0.5 

- 

MS 


(1 ) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown that the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical 

fast recovery rectifiers. 

(2) Pulse Test: Pulse Width = 300 ms. Duty Cycle < 2%. 
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MJ10002 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 


SWITCHING TIMES NOTE 



TIME 


In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not In phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

tsv “ Voltage Storage Time, 90% Ibi to 10% Vdamp 
trv = Voltage Rise Time, 10-90% Vdamp 
tfj = Current Fall Time, 90-10% Iq 
tti = Current Tail, 10—2% Iq 
tc = Crossover Time, 10% Vdamp to 10% I c 
An enlarged portion of the turn-off waveforms Is shown in 
Figure 7 to aid in the visual identity of these terms. 
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MJ10002 


SWITCHING TIME NOTES (continued) 


For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover Interval and can be obtained 
using the standard equation from AN'222: 

PSWT=1/2 Vccic(tc)f 
In general, t,.y + tfj =“ t^. However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching Is specified at 25PC and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a “SWITCH MODE" transistor are the inductive 
switching speeds (tc and tsv) which are guaranteed at 
lOQOC. 


RESISTIVE SWITCHING PERFORMANCE 


3 


FIGURE 8 - TURN-ON TIME 




0.1 0.2 0.3 0.5 0.7 1 2 3 5 7 10 


IC, COLLECTOR CURRENT (AMP) 


FIGURE 10 ~ THERMAL RESPONSE 
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MJ10002 



SAFE OPERATIMG AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor; junction temperature and second break- 
down. Safe operating area curves indicate Iq-VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on Tq = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve on 
Figure 13. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as '^CEX(sus) ® given 
collector current and represents a voltage-current condi- 
tion that can be sustained during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Fig- 
ure 12 gives the complete reverse bias safe operating area 
characteristics. 



0 40 80 120 160 200 

Tc, CASE TEMPERATURE (OQ 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJ10004 

MJ10005 


Dewignei'H 


Sheet 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The MJ10004 and MJ10005 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line oper- 
ated switchmode applications such as: 

• Switching Regulators ^ 

• Inverters 

• Solenoid and Relay Drivers I 

• Motor Controls o m [ 

• Deflection Circuits L ‘ 

Fast Turn-Off Times iV 

40 ns Inductive Fall Time - 25°C (Typ) | ^ 1 

650 ns Inductive Storage Time - 25°C (Typ) ^loo^isT 
Operating Temperature Range -65 to +200°C 
100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ10004 

MJ10005 

Unit 

Collector-Emitter Voltage 

VcEO 

350 

400 

Vdc 

Collector-Emitter Voltage 

VCEX 

400 

450 

Vdc 

Collector-Emitter Voltage 

VCEV 

450 

500 

Vdc 

Emitter Base Voltage 

< 

m 

00 

8.0 

Vdc 

Collector Current - Continuous 

'c 

20 

Adc 

- Peak (1) 

•cm 

30 


Base Current — Continuous 

'b 

2.5 

Adc 

- Peak (1) 

• bm 

5.0 


Total Power Dissipation @ Tq = 25°C 

Pd 

175 

Watts 

@Tc= ioqOc 


100 


Derate above 25°C 


1.0 

W/OC 

Operating and Storage Junction 

Tj,Tstg 

-65 to +200 

°C 


20 AMPERE 

NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

350 and 400 VOLTS 
175 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device, characteristics boundaries - 
are given to facilitate "worst case" 
design. 








rV 1 


L ' : 

t 

H 'O 

r 



® 1 


Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.0 

OC/W 

Maximum Lead Temperature for Soldering 

Tl 

275 

OC 


Purposes: 1/8" from Case for 5 Seconds [ 

(1) Pulse Test: Pulse Width = 5.0 ms. Duty Cycle < 10%. 


STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 

NOTES: 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. [tU is SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLEQ: 

I I- I >.13(0.005)© I T I V© I 

FOR LEADS: 

I ♦ I ».13 (0.005>®T I V@ I Q@ 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 

I MILLIMETERS I INCHES 
DIM MIN MAX MIN MAlT 

A - 39.37 - 1.550 

B - 21.08 - Q.830 

C 6.35 7.62 0.250 0.300 


F 30.15 BSC 1.187 BSC 

G 10.92 BSC 0.430 BSC 

H 5.46 BSC 0.215 BSC 

J 16.89 BSC 0.665 BSC 

K 11.18112.19 0.44010;^ 

Q 3.81 4.19 0.150 0.165 

R - 26.67 - 1.050 

U 4.83 5.33 0.190 0.210 

V 3.81 4.19 0.150 0.165 


CASE 1-05 
TO-204AA 
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MJ10004. MJ10005 


ELECTRICAL CHARACTERISTICS (T^ - 25°C unless otherwise noted). 

Charactefistic | Symbol | Min | Typ [ Max j Ur^ 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 

dC = 250 mA. Ib = 0. Vdamp = Rated Vceq) MJ10004 

MJ 10005 

VcEO(sus) 

350 

400 

- 

- 

Vdc 

Collector-Emitter Sustaining Voltage (Table 1. Figure 12) 

VcEX(sus) 




Vdc 

dc = 2.0 A, Vciamp = Rated Vcex- Tq = lOOOC) MJ10004 


400 

- 

- 


MJ10005 


450 

- 

- 


dr = 1 0 A. Vriamp = Rated Vr EX . Tr = 1 00°C) MJ 1 0004 


275 

- 

- 


MJ10005 


325 

- 

- 


Collector Cutoff Current 

•CEV 




mAdc 

(VcEV ~ Flated Value, VBB(off) = 1.5 Vdc) 


- 

- 

0.25 


(VcEV ~ Rated Value, VBE(off) ~ t,5 Vdc. T^ = 150°C) 


- 

- 

5.0 


Collector Cutoff Current 

•CER 

- 

- 

5^0 

mAdc 

(VcE = Rated Vqev. RrE = 50 i2, Tq = 100^0 






Emitter Cutoff Current 

•ebo 

- 

- 

175 

mAdc 

(Veb = 2.0 Vdc, lc = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 11 



ON CHARACTERISTICS (2) 


DC Current Gain 

dc = 5.0 Adc, Vce = 5.0 Vdc) 
dc = 10 Adc, VcE = 5.0 Vdc) 

hpE 

50 

40 

- 

600 

400 


Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

dc = 10 Adc. Ib = 400 mAdc) 


- 

- 

1.9 


(IC = 20 Adc, Ib = 2.0 Adc) 


- 

- 

3.0 


dc = 10 Adc. Ib = 400 mAdc, Tc = 100°C) 


- 

- 

2.0 


Base-Emitter Saturation Voltage 

V be (sat) 




Vdc 

dc = 10 Adc. Ib = 400 mAdc) 


- 

- 

2.5 


dc = 10 Adc. Ib = 400 mAdc, Tc = 100°C) 


- 

- 

2.5 


Diode Forward Voltage (i) 

Vf 

- 

3.0 

5.0 

Vdc 

(Ip = 10 Adc) 







DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(IC= 1.0 Adc, Vce = 10 Vdc,ftest= 10 MHz) 

Ihfel 

10 

- 

- 

~ 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0. ftest = 100 kHz) 

Oob 

100 


325 

pF 


SWITCHING CHARACTERISTICS 


1 Resistive Load (Table 1) ] 

Delay Time 

Rise Time 

(Vce = 250 Vdc, Ic = 10 A. 

Ibi = 400 mA, VBE(off) ~ 5.0 Vdc, tp = 50 ms. 

Duty Cycle < 2%). 

td 

I 

0.12 

0.2 

MS 

tr 

- 

0.2 

0.6 

MS 

Storage Time 

ts 

- 

0.6 

1.5 

MS 

Fall Time 

tf 

- 

0.15 

0.5 

MS 

Inductive Load, Clamped (Table 1) 

Storage Time 

dc = 10 A(pk), Vciamp ~ Rated VceX- 'B1 = 400 mA. 
VBE(off) = 5.0 Vdc, Tc = lOOOC) 

tsv 

- 

1.0 

2.5 

MS 

Crossover Time 

fc 

- 

0.4 

1.5 

MS 

Storage Time 

dc = 10 A(pk), Vciamp = Rated VcEX* IbI "" 400 mA. 
VBE(off) = 5.0 Vdc, Tc = 2500 

tsv 

- 

0.65 

- 

MS 

Crossover Time 

tc 

- 

0.2 

- 

MS 


(1 ) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown that the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical fast 
recovery rectifiers. 

(2) Pulse Test: PW = 300 ms. Duty Cycle < 2%. 


3-677 




Ic. COLLECTOR CURRENT (/jA) V. VOLTAGE (VOLTS) hfE, DC CURRENT GAIN 



Vbe. base emitter VOLTAGE (VOLTS) 


0.4 0.6 1 2 4 6 10 20 40 60 100 

Vr, reverse VOLTAGE (VOLTS) 






MJ10004, MJ10005 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE^ 



FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 


SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% Vdamp 
trv = Voltage Rise Time, 10-90% Vdamp 
tfi = Current Fall Time, 90-10% Ic 
tti = Current Tail, 10-2% Iq 
tc = Crossover Time, 10% Vdamp to 10% IC 
An enlarged portion of the turn-off waveforms is shown in 
Figure 7 to aid in the visual identity of these terms. 
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MJ10004, MJ10005 


TYPICAL CHARACTERISTICS 

SWITCHING TIME NOTES (continued) 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover Interval and can be obtained 
using the standard equation from AN-222: 

PSWT = 1/2 Vcc^Cdc) 1 

In general, t^.^ + tfj =* t^. However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25^0 and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a “SWITCHMODE" transistor are the inductive 
switching speeds (tc and tsv) which are guaranteed at 
lOQOC. 


RESISTIVE SWITCHING PERFORMANCE 


FIGURE 8 - TURN-ON TIME 


FIGURE 9 - TURN-OFF TIME 




FIGURE 10 - THERMAL RESPONSE 


J I 

^ o 





MJ10004, MJ10005 



SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq—VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure n is based on Tq = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve on 
Figure 13. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the DOwer that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as VcEX(sus) ® given 
collector current and represents a voltage-current condi- 
tion that can be sustained during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Fig- 
ure 12 gives the complete reverse bias safe operating area 
characteristics. 


FIGURE 13 - POWER DERATING 
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MOTOROLA 

■I SEMICONDUCTOR 

TECHNICAL DATA 


MJioooe 

MJ10007 


DossijLrnc'i'js Siieot 


10 AMPERE 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The MJ10006 and MJ10007 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line oper- 
ated switchmode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

30 ns Inductive Fall Time - 25°C (Typ) 

500 ns Inductive Storage Time - 25°C (Typ) 

Operating Temperature Range -65 to +200°C 
100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ10006 

MJ10007 

Unit 

Collector-Emitter Voltage 

^CEO 

350 

400 

Vdc 

Collector-Emitter Voltage 

VcEX 

400 

450 

Vdc 

Collector-Emitter Voltage 

VcEV 

450 

500 

Vdc 

Emitter Base Voltage 

Veb 

8.0 

Vdc 

Collector Current — Continuous 

•c 



10 



Adc 

- Peak (1) 

'CM 


20 




Base Current - Continuous 

'b 



2.5 


Adc 

-Peakd) 

•bm 


5.0 



Total Power Dissipation @ Tq = 25°C 

Pd 



150 


Watts 

@ Tc » IOQOC 




100 



Derate above 25°C 




0.86 


W/°C 

Operating and Storage Junction 

TjTsta 

-65 to +200 


°C 

Temperature Range 








ItHERMAL CHARACTERISTICS 1 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

p'ejc 

1.17 

OC/W 

Maximum Lead Temperature for Soldering 

T 

L 

275 

OC 

Purposes; 1/8" from Case for 5 Seconds 







(1) Pulse Test: Pulse Width = 5.0 ms, Duty Cycle < 10%. 



NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

350 AND 400 VOLTS 
150 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries - 
are given to facilitate "worst case" 
design. 



STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 

NOTES: 

1. OIMENSIONS 0 AND V ARE DATUMS. 

2. Gl] is seating plane and datum. 

3. positional TOLERANCE FOR 
MOUNTING HOLEQ: 

I 4 I ».13 (0.005)© I T [v© I 

FOR LEADS: 

I 4 I LIS (0.005) ©T I V® I Q©| 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14,5, 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

0 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.0^5 

0.070 

Tl 

30.1 

BSC 

1.18 

7 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.21 

BSC 

J 

16.89 BSC 

0.66 

BSC 

K 

11.18 

12.19 

0.440 

0.480 

X] 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 


1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.150 

0.165 


CASE 1-05 
TO-204AA 
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MJ10006, MJ10007 


ELECTRICAL CHARACTERISTICS (Tq ^ 25°C unless otherwise noted). 

Characf ristic j Symbol ] Min | Typ j Max j UtiiT 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 

He = 250 mA, Ib = 0, Vdamp = Elated VqeoJ MJ10006 

MJ10007 

VcEOIsus) 

350 

400 

- 

- 

Vdc 

Collector-Emitter Sustaining Voltage (Table 1 , Figure 1 2) 

VcEX(sus) 




Vdc 

(IC = 1 A, Vciamp = Rated VceX' " 100°C) MJ10006 


400 

- 

- 


MJ10007 


450 

- 

- 


dC = 5 A, Vdamp = Rated VcEX- Tq = lOOOC) MJ10006 


275 

- 

- 


MJ10007 


325 

— 



Collector Cutoff Current 

'CEV 




mAdc 

(VcEV "" Rated Value, VBE(off) " Vdc) 


- 

- 

0.25 


(VcEV = Rated Value, VBE(off) = l-S Vdc, Jq = 150°C) 


- 

- 

5.0 


Collector Cutoff Current 

•CER 

- 

_ 

5.0 

mAdc 

(VcE = Rated VqeV. RbE = ^0 n, Tq = 100°C) 






Emitter Cutoff Current 

•ebo 

- 


175 

mAdc 

(Veb = 2 Vdc, Ic = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 1 1 



ON CHARACTERISTICS (2) 


DC Current Gain 

dc = 2.5 Adc, VcE ~ 5.0 Vdc) 
dc = 5.0 Adc, VcE = 5.0 Vdc) 

5fE 

40 

30 

- 

500 

300 


Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

dc = 5.0 Adc, Ib = 250 mAdc) 


- 

- 

1.9 


dc= 10 Adc, Ib = 1.0 Adc) 


- 

- 

2.9 


dc = 5.0 Adc, Ib = 250 mAdc, Tc = lOOOC) 


- 

- 

2.0 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dc = 5.0 Adc, Ib = 250 mAdc) 


- 

- 

2.5 


dc = 5.0 Adc, Ib = 250 mAdc, Tc = lOQOC) 


- 

- 

2.5 


Diode Forward Voltage ( 1 ) 

Vf 

- 

3.0 

5 

Vdc 

dp = 5.0 Adc) 







DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

dc = 1-0 Adc, VcE = 10 Vdc, ftest = 10 MH 2 ) 

Ihfel 

10 

- 

- 

- 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, ftest = lOO kHz) 

Oob 

60 


21b 

PF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) 1 

Delay Time 

(Vcc = 250 Vdc, lc = 5.0 A, 

Ibi = 250 mA, VBE(off) ~ 5.0 Vdc, tp = 50 ms 

Duty Cycle < 2.0%). 

td 

- 

0.05 

0.2 

MS 

Rise Time 

tr 

■- 

0.25 

0.6 

MS 

Storage Time 

ts 

- 

0.5 

1.5 

MS 

Fall Time 

tf 

- 

0.06 

0.5 

MS 

Inductive Load, Clamped (Table 1) 

Storage Time 

He = 5.0 A(pk), Vdamp ~ Rated VcEX' ^Bl = 250 mA, 
VBE(off) = 5.0 Vdc, Tc = IOOOC) 

tsv 

- 

0.8 

2.0 

MS 

Crossover Time 

^c 

- 

0.6 

1.5 

MS 

Storage Time 

dc = 5.0 A(pk), Vdamp ~ Rated VcEX- 'BI = 250 mA, 
VBE(off) = 5.0 Vdc, Tc = 2500 

tsv 

_ 

0.5 

- 

MS 

Crossover Time 

tc 

- 

0.3 

- 

MS 


(1 ) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown that the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical 

fast recovery rectifiers. 

(2) Pulse Test: PW = 300 ms. Duty Cycle < 2%. 
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MJ10006, MJ10007 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VCEO(sut) 


VCEX(sui) and inductive SWITCHING 


RESISTIVE 

SWITCHING 


ii 


PW V«ried to Attain 
Ic “ 250 mA 


PulM 

Width 

Pulia Width 
adjustad to 
obtain spacifii 
Ic (Raaistiva 
Switching, 
Pulaa Width 
= 50 X») 



Q1 2N2907 
Q2 2N2222 
Q3 2N3762 
Q4 MJE210 
Q5 MJE200 

01 1N914 

02 1N914 

03 1N914 


Lcoil - 10 mH Vcc - 10 V 
Rcoil • 0.7 n 
''clamp “ VcEO(iu») 


^coil ”180 aH 

Rcoil = 0 05 n Vciamp = Ra»e0 ^CEX 
Vcc = 20 V 
fo = 500 kHz 


Vcc = 250 V 

Rl = 50 n 

Pulsa Width = 50 pt 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 


r 1 

rt’ 

1 1N4937 , 

! ? 

J or i 


Equivalent 

- 1 < 
^ 1 - 

''clamp 

r "t” 


rpn* 




Test Equipment 
Scope-Tektronix 
475 or Equipment 


FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 


SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCH MODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% Vdamp 
trv = Voltage Rise Time, 10-90% Vdamp 
tfi = Current Fall Time, 90-10% Iq 
tti = Current Tail, 10-2% Iq 
tc = Crossover Time, 10% Vciamp to 10% Iq 
A n enlarged portion of the turn-off waveforms is shown in 
Figure 7 to aid in the visual identity of these terms. 


3 
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SWITCHING TIME NOTES (continued) 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

PSWT = 1/2 Vcc^Cilc) 1 

In general, t^y + tfj t^. However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 2^Cand has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (tc and tsy) which are guaranteed at 
lOO^C. 

RESISTIVE SWITCHING PERFORMANCE 


FIGURE 8 - TURN-ON TIME 


FIGURE 9 - TURN-OFF TIME 
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FIGURE 10 - THERMAL RESPONSE 
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SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq-VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 1 1 is based on Tc = 25°C; T J(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve on 
Figure 13. 

T J(pk) rnay be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as Vq£x(sus) ® given 
collector current and represents a voltage-current condi- 
tion that can be sustained during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Fig- 
ure 12 gives the complete reverse bias safe operating area 
characteristics. 



0 40 80 120 160 200 

Tc. CASE TEMPERATURE (OC) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Designer’s Data Sheet 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The MJ10008 and MJ1 0009' Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line oper- 
ated switchmode applications such as; 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn-Off Times <%ioo «15 

1.6 /is (max) Inductive Crossover Time — 10 A, 100°C 
3.5 /IS (max) Inductive Storage Time - 10 A, 100°C 
Operating Temperature Range -65 to +200°C 
100®C Performance Specified for: 

Reversed Biased SOAwith Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 




MAXIMUM RATINGS 

Rating 




■SOI 

Collector-Emitter Voltage 

VCEO 

450 

500 

Vdc 

Collector-Emitter Voltage 

VcEX 

450 

500 

Vdc 

Collector-Emitter Voltage 

VCEV 

650 

700 

Vdc 

Emitter Base Voltage 

Veb 

8 

Vdc 

Collector Current - Continuous 

•c 


20 


Adc 

-Peakd) 

•cm 


30 



Base Current - Continuous 

I 

B 


2.5 


Adc 

-Peakd) 

•bm 



5 



Total Power Dissipation @ Tc = 25°C 

Pd 


175 


Watts 

@ Tc * IOQOC 




100 



Derate above 25°C 





1 


W/OC 

Operating and Storage Junction 

^J'Tstg 

-65 to +200 


°C 

Temperature Range 








THERMAL CHARACTERISTICS | 

Characteristic 


Max 

HEEBI 

Thermal Resistance, Junction to Case 

•^5JC 

1 

H^ESH 

Maximum Lead Temperature for Soldering 


Tl 

■ 



OH 

Purposes: 1/8” from Case for 5 Seconds 



■ 



■■ 

(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 




20 AMPERE 

NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

450 and 500 VOLTS 
175 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designer's Data Sheet permits the design 
of most circuits entirely from the information 
presented. Limit curves — representing bound- 
aries on device characteristics — are given to 
facilitate "worst case" design. 




PIN 1. BASE 


2. EMITTER 
CASE COLLECTOR 
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TO-204AA 










MJ10008. MJ 10009 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted). 

Characteristic { Symbol | Min | Typ | Max | Unit" 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 

(IC = 100 mA, Ib * 0. Vciamp ** Rat«cl VcEO^ 

MJ 10008 

MJ10009 

VcEO(sus) 

450 

500 

1 1 

1 1 

Vdc 

Collector-Emitter Sustaining Voltage (Table 1 , Figure 1 2) 

VcEX(sus) 




Vdc 

dc = 2 A, Vciamp = Rated VqeX. Tc = 100°^ 

MJ10008 


450 

- 

- 


VBE(off)=5V) 

MJ10009 


500 

- 

- 


(Ic = 10 A, Vciamp = Rated Vcex^Tq = 100t»C. 

MJ10008 


325 

- 

- 


VBE(off) =5 V) 

MJ10009 


375 

- 

- 


Collector Cutoff Current 


•CEV 




mAdc 

(VcEV ~ Rated Value, V0E(off) = 1.5 Vdc) 



- 

- 

0.25 


(VcEV ~ Rated Value, V00(Qff) = 1.5 Vdc, T^ = 

ISO^C) 


] 

- 

5 


Collector Cutoff Current 


•CER 


- 

5 

mAdc 

(VcE = Rated Vcev- RbE = 50 S2, Jq = ^00°C) 







Emitter Cutoff Current 


•ebo 

- 

- 

175 

mAdc 

(VEB = 2 Vdc, lc = 0) 








SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 1 1 



ON CHARACTERISTICS (2) 


DC Current Gain 

dc = 5 Adc, VcE ~ 5 Vdc) 
dC = 10 Adc. VcE = 5 Vdc) 

^FE 

40 

30 

- 

400 

300 


Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

(Ic = 10 Adc, 10 = 500 mAdc) 


- 

- 

2 


He = 20 Adc, l0 =5 2 Adc) 


- 

- 

3.5 


(IC = 10 Adc, l0 =500 mAdc, Tc = 100^0 


- 

- 

2.5 


Base-Emitter Saturation Voltage 

V BE (sat) 




Vdc 

dc = 10 Adc, |0 = 500 mAdc) 


- 

- 



dC = 10 Adc, |0 = SOOmAdc, Tq = 100°C) 


- 

- 

^9 


Diode Forward Voltage (i) 

Vf 

- 

3 

5 


(Ip = 10 Adc) 







DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

dc = 1 Adc, VcE = 10 Vdc, ftest = 1 MHz) 

Ihfel 

8 

- 

- 

- 

Output Capacitance 

(VcB = 10 Vdc. Ie = 0, ftest = 100 kHz) 





PF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

(Vec = 250 Vdc, Ic = 10 A, 

Ibi = 500 mA, VBE(off) “ 5 Vdc, tp = 25 ms 

Duty Cycle < 2%). 

td 

- 

0.12 

0.25 

MS 

Rise Time 

i;: — I 

- 

0.5 

1.5 

MS 

Storage Time 

Is . 

- 

0.8 

2.0 

MS 

Fall Time 

tf 

- 

0.2 

0.6 

MS 

Inductive Load, Clamped (Table 1) 

Storage Time 

dc = 10 A(pk). Vciamp = 250 V, Ibi = 500 mA, 
VBE(off) = 5Vdc.Tc = lOO^C) 

tsv 

- 

1.5 

3.5 

MS 

Crossover Time 

tc 

- 

0.36 

1.6 

MS 

Storage Time 

dc = 10 A(pk), Vciamp = 250 V. Ibi = 500 mA, 
VBE(off) = 5 Vdc) 

tsv 

- 

0.8 

- 

MS 

Crossover Time 

tc 

- 

0.18 

- 

MS 


(1 ) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown that the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical fast 
recovery rectifiers. 

(2) Pulse Test: PW = 300 ms. Duty Cycle < 2%. 
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MJ10008, MJ10009 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



•Adjust -V such that VgE(Qff) = 5 V except as required for RB SOA (Figure 12 ). 


FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 



SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase, However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not In phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% Vdamp 

trv = Voltage Rise Time, 10-90% Vdamp 

tfi = Current Fall Time, 90-10% Iq 

tti = Current Tail, 10—2% Iq 

tc = Crossover Time, 10% Vdamp to 10% Iq 

— continued — 
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MJ10008, MJ10009 


TYPICAL CHARACTERISTICS 

SWITCHING TIMES NOTE (continued) 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

Psv;T = 1/2 Vcc>Cifc) ^ 

Typical inductive switching waveforms are shown in 
Figure 7. In general, t^v + tfj — t^- However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at Tc = 25°C and has become a 
benchmark for designers. However, for designers of 
high frequency converter circuits, the user oriented 
specifications which make this a "SWITCHMODE" 
transistor are the inductive switching speeds (tc and tgv) 
which are guaranteed at Tq = 100°C. 


RESISTIVE SWITCHING PERFORMANCE 

FIGURE 8 - TURN-ON TIME FIGURE 9 - TURN-OFF TIME 
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MJ10008, MJ10009 




0 40 80 120 160 200 


Tc, CASE TEMPERATURE (OC) 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq— VqE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on Tq = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when 25°C. Second breakdown limitations 

do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve on 
Figure 13. 

Tj(pk) niay be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as Vq£x(sus) ^ given 
collector current and represents a voltage-current condi- 
tion that can be sustained during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Fig- 
ure 12 gives the complete reverse bias safe operating area 
characteristics. See Table 1 for circuit conditions. 


FIGURE 14 - REVERSE BASE CURRENT versus 
VBE(off) WITH NO EXTERNAL BASE RESISTANCE 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


DARLINGTON 

HORIZONTAL DEFLECTION TRANSISTOR 

. . . specifically designed for use in deflection circuits. 

• VQE( 5 at) = 3.0 Volts (Max) @ Iq = 4.0 Amps, Ig 

• Built-In Damper Diode 

• ^ 430 Volts 

• Glassivated Base-Collector Junction 

• Safe Operating Area @ 50 pis = 25 A, 200 V 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEX 

1400 

Vdc 

Emitter Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

•c 

8.0 

Adc 

Peak (1) 

•cm 

16 


Base Current — Continuous 

•b 

2.0 

Adc 

Peak (1) 

•bm 

4.0 


Emitter Current — Continuous 

•e 

10 

Adc 

Peak (1) 

'em 

20 


Total Power Dissipation @ Tc = 25°C 

Pd 

80 


Derate above 25°C 


0.6 


Operating and Storage Junction 

Tj, Tstg 

-65 to -Hi 50 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rfljc 

1.56 

°C/W 

Maximum Lead Temperature for 

Soldering Purposes: 

1 .8” from Case for 5 Seconds 

tl 

275 



3 






t- A 



STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 

NOTES: 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. [jD is seating PLANE and DATUM. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q; 

I » I >.13 (0.005)® I T |V ®1 
FOR LEAPS: 

I » I L13 (0.005) 0T I V@| Q@| 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

■■1 


- 

mMiM 

B 

mam\ 

WIiTil 

- 


C 


7.62 


0.300 

D 

0.97 

1.09 

BMl 

0.043 

E 

1.40 

1.78 

■iirpa 

0.070 

F 

30.15 BSC 

1.18 

BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

mam 

a BSC 

K 

11.18 

12.19 

doa 

0.480 

Q 

3.81 

4.19 

01i£l 

0.165 


- 

26.67 

_ 

1.050 

u 1 

4.83 

5.33 

0.190 

0.210 


3.81 

4.19 

0.150 

0.165 


CASE 1-05 


TO-204AA 
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Mjioori 


ELECTRICAL CHARACTERISTICS <Tc = 25° unless otherwise noted) 


Characteristic | 

1 Symbol j 

1 Min 1 

1 1 

Max 1 

1 Unit 1 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage 
(IC = 100 mAdc, Ib = 0) 

VcEO(sus) 

700 

- 

- 

Vdc 

Collector Cutoff Current 

(VcE = 1400 Vdc, Vbe = 0) 

•CES 

— 

— 



Emitter Cutoff Current 
(Vbe = 4.0 Vdc, Ic = 0) 

•ebo 


~ 

50 

mAdc 


ON CHARACTERISTICS (1) 

I 

Collector-Emitter Saturation Voltage 
dC = 3.5 Adc, Ib = 0.15 Adc) 

(Iq = 4.0 Adc, Ib = 0.2 Adc) 

Base Emitter Saturation Voltage 
(IC = 3.5 Adc, Ib =0.15 Adc) 

(IC = 4.0 Adc, Ib = 0.2 Adc) 


Forward Diode Voltage 
(If =4.0 Adc) 



















MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


MJ10012 

MJH10012 


NPN SILICON POWER DARUNGTON TRANSISTOR 

The MJ10012 and MJH10012 are high-voltage, high-current 
Darlington transistors designed for automotive ignition, switching 
regulator and motor control applications. 

• Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 400 Vclc (Min) 

• 175 Watts Capability at 50 Volts 

• Automotive Functional Tests Collector 



10 AMPERE 

POWER TRANSISTORS 
DARLINGTON NPN SILICON 

400 VOLTS 
175 AND 118 WATTS 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ10012 

MJH10012 

Unit 

Collector-Emitter Voltage 

VCEO 

400 

Vdc 

Collector-Emitter Voltage 





(Rbe = 27 n) 

VCER 

550 

Vdc 

Collector-Base Voltage 

VCBO 

600 

Vdc 

Emitter-Base Voltage 

vebo 

8.0 

Vdc 

Collector Current — Continuous 

Ic 

10 

Adc 

— Peakd) 


15 


Base Current 

IB 

2.0 

Adc 

Total Power Dissipation 

pd 




@ Tc = 25X 


175 

118 

Watts 

@ Tc = 100X 


100 

47.5 

Watts 

Derate above 25X 


1.0 

1.05 

W/“C 

Operating and Storage Junction 

Tj. Tstg 

-65 to +200 

- 55 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Rftjc 

1.0 

0.95 

x/w 

Junction to Case 





Maximum Lead Temperature for 

Tl 

275 

X 

Soldering Purposes: 1/8" from 





Case for 5 Seconds 





(1) Pulse Test: Pulse Width = 5.0 ms. Duty Cycle « 10%. 
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STYU1; 
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3. EMITTER 
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MJ10012, MJH10012 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 


Max 

Unit 1 

OFF CHARACTERISTICS (1) | 

Collector-Emitter Sustaining Voltage (Figure 1) 
dc = 200 mAdc, Ib = 0. Vgiamp = Rated Vceq) 

VcEO(sus) 

400 

- 

- 

Vdc 

Collector-Emitter Sustaining Voltage (Figure 1) 
dc = 200 mAdc, Rbe “ 27 Ohms, 

Vclamp = Rated Vcer) 

VcER(sus) 

425 



Vdc 

Collector Cutoff Current 

(Rated Vqer, RbE ~ 27 Ohms) 

•CER 

— 

- 

1.0 

mAdc 

Collector Cutoff Current 

(Rated VcBO» ^E ” 

•CBO 

- 

- 

1.0 

mAdc 

Emitter Cutoff Current 
(Veb = 6.0 Vdc, lc = 0) 

•ebo 



40 

mAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

dc = 3.0 Adc, VcE = 6.0 Vdc) 
dc = 6.0 Adc, VcE = 6.0 Vdc) 
dc = lOAdc, VcE = 6.0 Vdc) 

hPE 

300 

100 

20 

550 

350 

150 

2000 

- 

Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

(IC = 3.0 Adc, Ib = 0.6 Adc) 


- 

- 

1.5 


dc = 6.0 Adc, Ib = 0.6 Adc) 


- 

- 

2.0 


(IC = 10 Adc,lB = 2.0 Adc) 


- 

- 

2.5 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dc = 6.0 Adc, Ib = 0.6 Adc) 


_ 

- 

2.5 


dc = 10 Adc, Ib = 2.0 Adc) 


- 

- 

3.0 


Base-Emitter On Voltage 

VBE(on) 

- 

- 

2.8 

Vdc 

(IC = 10 Adc, Vce = 6.0 Vdc) 






Diode Forward Voltage 

Vf 

- 

2.0 

3.5 

Vdc 

(Ip = 10 Adc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Opb 

- 

165 

350 

PF 

(VcB = 10 Vcic, Ig = 0, ftest = 100 kHz) 







SWITCHING CHARACTERISTICS 


Storage Time 

(Vcc = 12 Vdc, 

Ic ~ 6.0 Adc, 

•b 1 = 'B2 = 0-3 Adc) Figure 2 

ts 

_ 

7-5 

15 

/us 

Fall Time 

tf 

- 

5.2 

15 

MS 

FUNCTIONAL TESTS 

Second Breakdown Collector Current with 

Base-Forward Biased 

•S/B 

See Figure 10 

- 

Pulsed Energy Test (See Figure 12) 

»c2l 

2 

- 

- 

180 

mJ 


(1) Pulse Test: Pulse Width = 300 /us. Duty Cycle = 2%. 


FIGURE 1 - SUSTAINING VOLTAGE 
TEST CIRCUIT 


FIGURE 2 - SWITCHING TIMES 
TEST CIRCUIT 


10 V 
0 V 


-rLTLl 


Vcc = 20 Vdc 

9 


L = 10 mH 





r- -' """" 225 /us I 

j O 1 ' 

I 1 i 

'^clamp En^-^ 


’Adjust t-j such that 
1 q reaches 200 mA 
Vqe = Vciamp 


^clamp 

VcEO(sus) = 400 
VcER(sus) = 425 Vdc 


Vcc ^ 14 V 
Adjust Until Iq = 6 A 
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VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 






r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


MJ10012, MJH10012 


1 

0.7 
0.5 

0.3 
0.2 

0.1 
0.07 
O.OS 
0.03 
0.02 

0.01 

0.01 0.02 0.05 0.1 0.2 0.5 1 2 5 10 20 50 100 200 500 1,000 2,000 

t,TIME (ms) 


FIGURE 10 - FORWARD BIAS SAFE OPERATING AREA 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq— VqE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 10 is based on Tq = 25°C; Tj(p|<) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 10 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 1 . 

T J(p|<) Tiay be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 



FIGURE 9 - THERMAL RESPONSE 



FIGURE 11 - POWER DERATING 


FIGURE 12 - USAGE TEST CIRCUIT 





0 40 80 120 160 200 

Tc, CASE TEMPERATURE (OC) 



ti to be selected such that Ip reaches 6 Adc before switch-off. 
NOTE: 

"Usage Test," Figure 12 specifies energy handling capabilities 
in an automotive Ignition circuit. 


3-699 







MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 



Slieot 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTOR 

The MJ10014 Darlington transistor is designed for high-voltage, 
high-speed, power switching in inductive circuits where fail time is 
critical. It is particularly suited for line-operated switchmode appli- 
cations such as: 


• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn-Off Times 

250 ns Inductive FAII Time— 25°C (Typ) 

500 ns Inductive Crossover Time-25®C (Typ) 
1.4 /is Inductive Storage Time-25°C (Typ) 
Operating Temperature Range: -65 to +200°C 
100°C Performance Specified for: 

Reversed Biased SOA With Inductive Loads 
Switching Times With Inductive Loads 
Saturation Voltages 
Leakage Currents 



10 AMPERE 
NPN SILICON 
POWER DARLINGTON 
TRANSISTOR 

600 VOLTS 
175 WATTS 


Designers Data for 
"'Worst-Case" Conditions 

The Designers Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data- 
representing device characteristic 
boundaries— are given to facilitate 
"worst-case" design. 


MAXIMUM RATINGS 

Rating 

Symbol 

' MJ10014 

Unit 

Collector-Emitter Voltage 

VcEO 

600 

Vdc 

Collector-Emitter Voltage 

VcEV 

700 

Vdc 

Emitter Base Voltage 

< 

m 

00 

8 

Vdc 

Collector Current - Continuous 

•c 


10 


Adc 

- Peak (1) 

•cm 


15 



Base Current - Continuous 

> 

B 


7 


Adc 

-Peak (1) 

•bm 


10 



Total Power Dissipation @ = 25®C 

Pd 


175 


Watts 

@Tc= IOQOC 




100 



Derate above 25°C 




1 


W/®C 

Operating and Storage Junction 

Tj.Tstg 

-65 to +200 


®C 

Temperature Range 







THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistarrce, Junction to Case 

RfljC 

1 

®C/W 

Maximum Lead Temperature for Soldering 


Tl 

275 


OC 

Purposes; 1/8" from Case for 5 Seconds 






(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10% 



NOTES: I 

1. DIMENSIONS 0 AND V ARE OATUMS. 

2. ED IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLEO: 

I ♦ I ».13(0.005)© I T |v@ I 

FOR LEADS: 

t I- I 1.13 (0.005) ® T I V® 1 001 


STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE COLLECTOP 



MILLIMETERS 

INCHES 

DIM 

MIN MAX 

MIN 1 MAX 

A 

- 39.37 

- 1 1.550 

B 

21.08 

- 0.830 

C 

6.35 7.62 

0.2501 0.300 

D 

0.97 1.09 

(LOSS 1 0.043 

E 

wr 

1.78 

0.055 1 0.070 

F 

30.15 BSC 

1.187 BSC 

C 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

K 

11.181 12.19 

0.440 1 0.480 

Q 

3.81 ! 

4.19 

0.1501 0.165 

R 

- 1 26.67 

1.050 

U 

- 4.831 

5.33 

0.190 0.210 

V 

3.81 1 4.19 

0.150 1 0.165 


CASE 1-05 
TO-204AA 


3-700 









MJ10014 


ELECTRICAL CHARACTERISTICS (T^ = 25®C unless otherwise noted). 

I Characteristic { Symbol j Min | Typ j Max j Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 

(IC“ 100 mA. Ib *0) 

MJ10014 

VcEdlsus) 


- 

- 

Vdc 

Collector Cutoff Current 

•CEV 


mum 



(VcEV “ Rated Value, VBE(off) “ 15 Vdc) 


- 




(VcEV = Rated Value. Veeioff) = 15 Vdc. Tc = 150®C) 


- 

■■ 



Collector Cutoff Current 

•CER 

- 

- 

5 


(VcE = Rated Vqev. RrE = 50 n, Tq = 100°C) 






Emitter Cutoff Current 

•ebo 

- ' 

- 

175 

mAdc 

(Veb = 2 Vdc. lc“0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 12 


Clamped inductive SO A with Base Reverse Biased 

RBSOA 

See Figure 13 



ON CHARACTERISTICS (2) 


DC Current Gain 

dc = 5 Adc, VcE “ 5 Vdc) 

<IC = 10 Adc. VcE = 5 Vdc) 

hpE 


■ 



Collector-Emitter Saturation Voltage 

VcE(sat) 



■mumii 


dc = 10 Adc. Ib = 2 Adc) 


- 




dC = 10 Adc. Ib = 2 Adc. Tc = 100^0 


- 

IBH 

mE9l 


Base-Emitter Saturation Voltage 

V BE (sat) 


immi 

umiHH 


dc = 10Adc. lB = 2Adc) 


-- 




dc = 10 Adc. Ib = 2 Adc. Tc = 100^0 

J 

- 

IBHI 

mom 


Diode Forward Voltage (i) 

Vf 

- 

msm 

5 

Vdc 

dp = 10 Adc) 







DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

dc = 1 Adc. VcE 10 Vdc, ftest = 1 MHz) 


10 

- 

- 

- 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, ftest = 100 kHz) 





PF 


SWITCHING CHARACTERISTICS 


1 Resistive Load (Table 1) | 

Delay Time 

(Vcc " 250 Vdc, Ic = 10 A, 

Ibi = 400 mA, VBE(off) ” 5 Vdc, tp = 50 MS, 

Duty Cycle < 2%). 



mm 

- 


0.2 

MS 

Rise Time 


- 


2 

MS 

Storage Time 


- 

0.95 

4 

MS 

Fall Time 


- 

moESii 

1 

MS 

Inductive Load, Clamped (Table 1) 

Storage Time 

dc = 10 A(pk), Vciamp = 250 Vdc. Ibi = 1 A, 

VBE(off) = 5Vdc.Tc*100OC) 

ts 

- 

2.3 

6 

MS 


tc 

- 

1 

3 

MS 

Storage Time 

dc = 10 A(pk), Vciamp “ 250 Vdc. Ibi = 1 A. 

VBE(off) '5 Vc1c,Tc*250C) 

ts 

- 

1.4 


MS 

Crossover Time 

tc 

- 

0.5 

- 

MS 

Fall Time ] 

tfi 

- 

0.25 

- 

MS 


(1 ) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown that the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical fast 
recovery rectifiers. 

(2) Pulse Test: PW = 300 ms. Duty Cycle < 2%. 
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MJ10014 


TYPICAL CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 3 - COLLECTOR-EMITTER 
SATURATION VOLTAGE 


FIGURE 4 - BASE-EMITTER VOLTAGE 


mwt 


0.2 0.3 0.5 0.7 1 2 3 5 7 10 

IC, COLLECTOR CURRENT (AMP) 


"VBE(sat)®' 'c/Ib = lOf 


VBE(on)@3V = VcE 




^1 I 


0.1 0.2 0.3 0.5 0.7 1 2 3 

IC, COLLECTOR CURRENT (AMP) 


FIGURE 5 - COLLECTOR CUTOFF REGION 
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FIGURE 6 - OUTPUT CAPACITANCE 
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MJ10014 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



SWITCHING TIME NOTE 


In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 


tsv Voltage Storage Time, 90% Ibi to 10% Vdamp 
trv ^ Voltage Rise Time, 10-90% Vdamp 
tfj = Current Fall Time, 90-10% Ic 
ttj = Current Tail, 10-2% Ic 
tc = Crossover Time, 10% Vdamp to 10% Iq 
A n enlarged portion of the turn-off waveforms is shown in 
Figure 7 to aid in the visual identity of these terms. 


- continued 


FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 



1.0 2.0 5.0 8.0 

VBE(off), BASE-EMITTER VOLTAGE (VOLTS) 
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MJ10014 


TYPICAL CHARACTERISTICS 


SWITCHING TIMES NOTE (continued) 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during' the crossover interval and can be obtained 
using the standard equation from AN-222: 

PSWT = 1/2 Vcc*C(tc) ^ 

In general, t^y + tfj tc- However, at lower test cur- 
rents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25PC and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a “SWITCHMODE" transistor are the inductive 
switching speeds (tc and tjy) which are guaranteed at 
lOO^C. 

RESISTIVE SWITCHING PERFORMANCE 




1 1.5 2 3 ,5 7 10 0 1.5 2 3 5 

Iq. COLLECTOR;CURRENT (AMP) Iq, COLLECTOR CURRENT (AMP) 


FIGURE 11 - THERMAL RESPONSE 




MJ10014 



SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC"Vce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions allowable during reverse biased 
turn-off. This rating is verified under clamped conditions 
so that the device is never subjected to an avalanche mode. 
Figure 13 gives the complete RBSOA characteristics. 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The MJ10015 and MJ10016 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line- 
operated switchmode applications such as: 

• Switching Regulators 

• Motor Controls 

• Inverters 

• Solenoid and Relay Drivers 

• Fast T urn-Off Times 

1.0 jus (max) Inductive Crossover Time — 20 Amps 
2.5 MS (max) Inductive Storage Time — 20 Amps 

• Operating Temperature Range -65 to +200°C 

• Performance Specified for 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ10015 



Collector-Emitter Voltage 

' yCEO 

400 

500 

Vdc 

Collector-Emitter Voltage 

VCEV 

600 

700 


Emitter Base Voltage 

veb 

8.0 


Collector Current — Continuous 

•c 

50 

Adc 

-Peak(l) 

•cm 

75 


Base Current — Continous 

■b 

10 

Adc 

- Peak (1) 

•bm 

15 


Total Power Dissipation @ Tq = 25°C 

Pd 



@Tc=100OC 



Derate above 25°C 




Operating and Storage Junction 

Tj, Tstg 

-65 to -1-200 


Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 


Thermal Resistance, Junction to Case 

•^0JC 

0.7 


Maximum Lead Temperature for Soldering Purposes: 

1/8” from Case for 5 Seconds 

Tl 

275 

OC 

(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10% 


MJ10015 

MJ10016 


50 AMPERE 

NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 

400 and 500 VOLTS 
250 WATTS 





STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 





■nzonoBi 



■miTM 


A 

38.35 

39.37 

1.510 

1.550 

B 










■ ill 






- 

nEn 



H3II 


KLiilil 

HQ] 


G 

10.67 

■illi 


Exm 

H 


■PfKI 



J 





K 

iimi 


■rrTii 


Q 



■ ILil 


R 






CASE 197-01 
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MJ10015, MJ10016 


ELECTRICAL CHARACTERISTICS (T(; = 25°C unl«ss otherwise noted) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 1) 

dC = 100 mA. Ib = 0. Vciamp = Rated VcEO> MJ10015 

MJ10016 


400 

500 

■ 

- 

Vdc 

Collector Cutoff Current 

(VcEV = Rated Value, VsEioff) = L5 Vdc) 

•CEV 

- 

- 


mAdc 

Emitter Cutoff Current 
(Veb = 2.0 Vdc. Ic = 0) 

•ebo 

“ 

— 


mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 

See Figure 7 

HH 

Clamped Inductive SO A with Base Reverse Biased 

RBSOA 

See Figure 8 

zi: 


ON CHARACTERISTICS (1) 


DC Current Gain 

dC = 20 Adc, VcE = 5.0 Vdc) 
dC = 40 Adc, VcE = 5.0 Vdc) 

hFE 

25 

10 

■ 

- 

■ 

Collector-Emitter Saturation Voltage 




■■■■■ 

Vdc 

dC = 20 Adc, Ib = 1.0 Adc) 

■ill 

- 




dc = 50Adc. Ib = 10 Adc) 


- 




Base-Emitter Saturation Voltage 


- 

- 


Vdc 

dc = 20 Adc, Ib = 1 .0 Adc) 

■m 



mm 


Diode Forward Voltage (2) 

Vf 

- 


5.0 

Vdc 

(Ip = 20 Adc) 







DYNAMIC CHARACTERISTIC 


Output Capacitance 


- 

_ 


PF 

( VcB = 1 0 Vdc, 1 E = 0, ftest = 1 00 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

(Vcc = 250 Vdc, Ic = 20 A, 

Ibi = 1.0 Adc, VBE(off) = 5 Vdc. tp = 25 /us 

Duty Cycle < 2%). 

td 

- 

0.14 

0.3 

MS 

Rise Time 

tr 

- 

0.3 

1.0 

MS 

Storage Time 

^s 

- 

0.8 

23 

MS 

Fall Time 

tf 

- 

0.3 

1.0 

MS 


Storage Time 

dc = 20 A(pk), Vciamp =250 V, Igi = 1.0 A. 

VBE(off) = 5.0 Vdc) 

tsv 

- 

1.0 

2.5 


Crossover Time 

^c 

- 

0.36 

1.0 

HE] 


(1 ) Pulse Test; Pulse Width = 300 (xs. Duty Cycle < 2%. 

(2) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. Tests have shown that 


the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical fast recovery rectifiers. 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



FIGURE 6 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 


SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine the 
total switching time. For this reason, the following new 
terms have been defined. 


tsv ~ Voltage Storage Time, 90% Ibi to 10% Vdamp 

trv = Voltage Rise Time, 10-90% Vdamp 

tfi = Current Fall Time, 90-10% Iq 

tti = Current Tail, 10-2% Iq 

tc = Crossover Time, 10% Vclamp fo 10% Iq 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

PSWT = 1/2 VcclC<tc)^ 

In general, trv l^fi s tc- However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified and has become a benchmark for 
designers. However, for designers of high frequency con- 
verter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (tc and tsv) which are guaranteed. 
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MJ10015, MJ10016 



SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC"VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 7 is based on Tq = 25°C;Tj(p|<) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 7 may be found 
at any case temperature by using the appropriate curve 
on Figure 9. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 8 
gives the complete RBSOA characteristics. 



0 40 80 120 160 200 
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FIGURE 10 - TYPICAL REVERSE BASE CURRENT 
versus VBE(off) ^VITH NO EXTERNAL BASE RESISTANCE 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


Sheot 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The MJ 10020 and MJ 10021 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line- 
operated switchmode applications such as: p 

• AC and DC Motor Controls 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Fast Turn-Off Times 

150 ns Inductive Fall Time at 25°C (Typ) i66 « is 

750 ns Inductive Storage Time at 25°C (Typ) 

• Operating Temperature Range -65 to -t-200°C 

• 100°C Performance Specified for: 

Reversed Biased SO A with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ 10020 

MJ10021 

Unit 

Collector-Emitter Voltage 

VCEO 

200 

250 

Vdc 

Collector-Emitter Voltage 

VcEV 

300 

350 

Vdc 

Emitter Base Voltage 

< 

m 

CD 

8.0 

Vdc 

Collector Current — Continuous 

•c 

60 

Adc 

— Peak (1 ) 

•cm 

100 


Base Current — Continuous 

<B 

20 

Adc 

- Peak (1) 

•bm 

30 


Total Power Dissipation @ Tc = 250C 

Pd 

250 

Watts 

@Tc= lOQOC 


143 


Derate above 25°C 


1.43 

W/OC 

Operating and Storage Junction 

Tj, Tjtg 

-65 to +200 

oc 

Temperature Range 







THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

0.7 

OC/W 

Maximum Lead Temperature for Soldering Purposes: 
1/8" from Case for 5 Seconds 

Tl 

275 

OC 

(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10% 




60 AMPERE 

NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 

200 and 250 VOLTS 
250 WATTS 


Designer's Data for 
"Worst Case" Conditions 


The Designers Data Sheet permits 
the design of most circuits entirely 
from the information presented. Limit 
data — representing device characteristics 
boundaries — are given to facilitate 
"worst case" design. 



A 



DIM 

MILLIE 

1ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

38.35 

39.37 

1.510 

1.550 

B 

19.30 

21.08 

0.760 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

0 

1.45 

1.60 

0.057 

0.083 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

6 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

24.89 

26.67 

0.980 

1.050 


CASE 197-01 



3 
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MJ10020, MJ10021 


ELECTRICAL CHARACTERISTICS (Tc = 25^0 unless otherwise noted) 

Characteristic [ Symbol | Min | Typ | Max | Uni7 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1 ) MJ10020 

(IC*100mA, Ib»0) MJ10021 

VCEOlsus) 

200 

250 

- 

: 

Vdc 

Collector Cutoff Current 

(VcEV “ Rated Value, VBE(off) * L5 Vdc) 

(VcEV * Rated Value, VBE(off) » 1.5 Vdc, Tc = IBQOC) 

•CEV 

- 

- 

0.25 

5.0 

mAdc 

Collector Cutoff Current 

IVCE * Rated Vqev. RbE = 50 n, Tq » lOQOC) 

•CER 

- 


5.0 

mAdc 

Emitter Cutoff Current 
(Veb = 2.0 V, lc = 0) 

•ebo 

- 

- 

175 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 


See Figure 13 


Clamped Inductive SO A with Base Reverse Biased 

RBSOA 


See Figure 14! 



ON CHARACTERISTICS (1) 


DC Current Gain 

(IC= 15 Adc, Vce = 5.0 V) 

hFE 

75 

- 

1000 

- 

Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

(10*30 Adc, Ib* 1.2 Adc) 


- 

- 

2.2 


(IC = 60 Adc, Ib= 4.0 Adc) 


- 

- 

4.0 


dC * 30 Adc, Ib * 1.2 Adc, Tq = lOOOC) 


- 

- 

2.4 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

(IC*30 Adc, Ib* 1.2 Adc) 


- 

- 

3.0 


dc * 30 Adc. Ib * 1.2 Adc, Tc = 100OC) 


- 

- 

3.5 


Diode Forward Voltage 

Vf 

- 

2.5 

5.0 

Vdc 

(If = 30 Adc) ! 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

175 

_ 

700 

pF 

(VcB “ 10 Vdc, Ig = 0, ftest =1.0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

(Vcc = 175Vdc, lc = 30A, 

Ibi = 1.2 Adc, VBE(off) “ 5.0 V, tp = 25 ms 

Duty Cycle <2.0%). 

td 

- 

0.02 

0.2 

MS 

Rise Time 

tr 

- 

0.30 

1.0 

MS 

Storage Time 

ts 

- ’ 

1.0 

3.5 

MS 

Fall Time 

tf 

- 

0.07 

0.5 

MS 

Inductive Load, Clamped (Table 1) | 

Storage Time 

•cm = 30 A(pk), VcEM = 200 V, Ibi = 1 .2 A, 
VBE(off) =5 V,Tc= 100OC) 

tsv 

- 

1.2 

3.5 

MS 

Crossover Time 

1c 

- 

0.45 

2.0 

MS 

Storage Time 

dcM ~ 30 A(pk), VcEM ^ 200 V, Ibi = 1.2 A, 
VBE(off) = 5V,Tc = 250C) 

tsv 

- 

0.75 

- 

MS 

Crossover Time 

1c 

- 

0.25 

- 

MS 

Fall Time 

ifi 

- 

0.15 

- 

MS 


(1 ) Pulse Test; PW » 300 ms. Duty Cycle < 2% 
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MJ10020, MJ10021 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - COLLECTOR SATURATION REGION 
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Ic, COLLECTOR CURRENT (AMPS) 


FIGURE 5 - COLLECTOR CUTOFF REGION 


FIGURE 6 - OUTPUT CAPACITANCE 
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VbE, base-emitter voltage (VOLTS) 







MJ10020, MJ10021 



*Adjust - V such that VBE(off) = 5 V except as required for RBSOA (Figure 14). 


FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 


FIGURE 8 - TVfi^AllPEAK REVERSE BASE CURRENT 




VBE(off), BASE-EMITTER VOLTAGE (VOLTS) 
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MJ10020, MJ10021 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Isfto 10% VqeM 

trv = Voltage Rise Time, 10 - 90% VcEM 

tfj = Current Fall Time, 90 - 10% Iqm 

tti = Current Tail, 10 - 2% ICM 

tc = Crossover Time, 10% Vqei\/| to 10% lci\/| 

An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 


For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 
PSWT= 1/2 Vcclc(tc)^ 

In general, t^/ + tfj s tc- However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 250C and has become a bench- 
mark for designers. However, for designers of high fre- 
quency converter circuits, the user oriented specifications 
which make this a "SWITCHMODE" transistor are the 
inductive switching speeds (tc and tsv) which are guaran- 
teed at lOQOC. 


RESISTIVE SWITCHING 


FIGURE 10 - TYPICAL TURN-ON SWITCHING TIMES FIGURE 11 - TYPICAL TURN-OFF SWITCHING TIMES 




FIGURE 12 - THERMAL RESPONSE 





IVIJ10020, MJ10021 


The Safe Operating Area figures shown in Figures 13 and|14{ are 
specified for these devices under the test conditions shown. 


FIGURE 13 - MAXIMUM FORWARD BIAS 


SAFE OPERATING AREA 



FIGURE 14 - MAXIMUM RBSOA, REVERSE BIAS 
SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic-VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 13 is based on Tc = 250C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25° C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 13 may be found 
at any case temperature by using the appropriate curve on 
Figure 15. 

Tj(pk) may be calculated from the data in Figure 12. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitatipns imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 14 
gives the RBSOA characteristics. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJ10022 

MJ10023 




SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The MJ1 0022 and MJ10023 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fail time is critical. They are particularly suited for 
line-operated switchmode applications such as; 

o 

• AC and DC Motor Controls 

• Switching Regulators J 

• Inverters TT^ r 

• Solenoid and Relay Drivers . , I 

• Fast Turn-Off Times Lyw j wv^ 

1 50 ns Inductive Fall Time @ 25°C (Typ) ^0° * is J 

300 ns Inductive Storage Time @ 25°C (Typ) 

• Operating Temperature Range -65 to +200°C 

• 100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


40 AMPERE 

NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 


350 and 400 VOLTS 
260 WATTS 


Designer's Data for 
"Worst Case" Conditions 


The Designers Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
“worst case” design. 








MJ10022, MJ10023 


ELECTRICAL CHARACTERISTICS (T(; = 25^C unless otherwise noted) 

Cheracteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1 ) MJ10022 

(lc= 100 mA, Ib = 0) MJ10023 

VcEO(sus) 

350 

400 



— 

Vdc 

Collector Cutoff Current 
(VcEV = Rated Value, VBE(off) “ Ydc) 

(VcEV Rated Value, VBE(off) “ Vdc, Tq = 1 50°C) 

•CEV 

- 

- 

0.25 

5.0 

mAdc 

Collector Cutoff Current 
(VcE f Rated Vqev- RbE = 50 Cl. Tq = 100°C) 

•CER 

— 

— 

5.0 

mAdc 

Emitter Cutoff Current 
(Veb = 2.0V,Ic = 0) 

Iebo 

— 

— 

175 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

'S/b 


See Figure 13 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 


See Figure 14 



ON CHARACTERISTICS (1) 


DC Current Gain 
(IC= lOAdc, Vce = 5.0V) 

f^FE 

50 

- 

600 

- 

Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

(IC = 20Adc, Ib= 1.0 Adc) 


— 

— 

2.2 


IC = 40 Adc, Ib = 5.0 Adc) 


— 

— 

5.0 


dC = 20 Adc, Ib = 1 .0 Adc, Tq = 1 00°C) 


— 

— 

2.5 


Base-Emitter Saturation Voltage 

YBE(sat) 




Vdc 

{IC = 20Adc,lB = 1.2Adc) 


— 

— 

2.5 


dc = 20 Adc, Ib = 1 .2 Adc, Jq = lOO^C) 


— 

— 

2.5 


Diode Forward Voltage 

Vf 

— 

2.5 

5.0 

Vdc 

(Ip = 20 Adc) 







dynamic CHARACTERISTICS 


Output Capacitance 

Cob 

150 

— 

600 

PF 

(VcB = 1 0 Vdc, 1 e = 0, ftest = 1 0 kHz) 


i 





SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

(Vcc = 250 Vdc, Ic = 20 A, Ibi = 1 0 Adc, 

VBE(off) = 5.0 V, tp = 50 ns, 

Duty Cycle < 2.0%) 

td 

— 

0.03 

0.2 

fXS 

Rise Time 

tr 



0.4 

1.2 

us 

Storage Time 

Is 

_ 

0.9 

2.5 

MS 

Fall Time 

tf 

— 

0.3 

0.9 

MS 

Inductive Load, Clamped (Table 1) | 

Storage Time 

dCM = 20 A, VceM = 250 V, Ibi = 1 .0 A, 

VBE(off),= 5 V, Tc = 100°C) 

Isv 

_ 

1.9 

4.4 

MS 

Crossover Time 

Ic 

— 

0.6 

2.0 

MS 

Fall Time 

tfi 

■ — 

0.3 

— 

MS 

Storage Time 

dCM = 20A, VceM=250V,Ibi = 1.0A, 

VBE(off) =5V, Tc=25°C) 

Isv 

_ 

1.0 

_ 

MS 

Crossover Time 

tc 

— 

0.3 

— n — 

MS 

Fall Time 

tfi 

- 

0.15 

- 

MS 


(1 ) Pulse Test: PW = 300 /xs, Duty Cycle < 2% 
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TABLE 1 ~ TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS FIGURE 8 - TYPICAL PEAK REVERSE BASE CURRENT 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

VBEIoffl- reverse base VOLTAGE (VOLTS) 

FIGURE 9 - TYPICf L INDUCTIVE SWITCHING TIMES 

2.00 
1.75 
1.50 
-^ 1.25 

3 

1 1.00 

f- 

.75 
;50 
.25 
0 




TIME 


0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

VBE(off). BASE-EMIHER VOLTAGE (VOLTS) 


3-720 











MJ10022, MJ10023 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined, 
tsv = Voltage Storage Time, 90% Ibi to 10% Vqem 
tfv = Voltage Rise Time, 10—90% Vqem 
tfj = Current Fall Time, 90 — 10%lcM 
tti = Current Tail, 10—2% Iqm 
tc = Crossover Time, 1 0% Vqem ^ 0% ICM 
An enlarged portion of the inductive switching waveform 
is shown in Figure 7 to aid on the visual identity of 
these terms. 


For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A; 
PSWT=1/2 Vcclc(tc)f 

In general, tpv + tfj s tc- However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user orinented specifica- 
tions which make this a "SWITCHMODE” transistor are 
the inductive switching speeds (tc and tsv) which are 
guaranteed at 100°C. 


FIGURE 10 - TYPICAL TURN-ON SWITCHING TIMES 



IC. COLLECTOR CURRENT (AMPS) 


FIGURE 11 - TYPICAL TURN-OFF SWITCHING TIMES 
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FIGURE 12 - THERMAL RESPONSE 








MJ10022, MJ10023 


The Safe Operating Area figures shown in Figures 13 and 14 i 
specified for these devices under the test conditions shown. 

FIGURE 13 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 
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FIGURE 14 - MAXIMUM RBSOA, REVERSE BIAS 
SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq— V cE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 13 is based on Tq = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 13 may be found 
at any case temperature by using the appropriate curve on 
Figure 15. 

Tj(pk) may be calculated from the data In Figure 1 2. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 4 
gives the RBSOA characteristics. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJ10024 

MJ10025 


Designer’s Data Sheet 


20 AMPERE 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The MJ10024 and MJ10025 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for 
line-operated switchmode applications such as: 

• AC and DC Motor Controls 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Operating Temperature Range -65 to +200°C 

• 100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads ? 

Saturation Voltages r- - • <>— — 

Leakage Currents ^ 


NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 

750 and 850 VOLTS 
250 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designer's Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
"worst case" design. 



MAXIMUM RATINGS 


STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


Rating 

Symbol 

MJ10024 

MJ10025 

Unit 

Collector-Emitter Voltage 

VcEO 

750 

850 

Vdc 

Collector-Emitter Voltage 

VCEV 

1000 

1200 

Vdc 

Emitter Base Voltage 

Veb 

8.0 

Vdc 

Collector Current — Continuous 
— Peak(l) 

'c 

•cm 

20 

40 

Adc 

Base Current — Continuous 
— Peak(l) 

•b 

<BM 

10 

20 

Adc 

Total Power Dissipation @ T^ = 25°C 
@Tc= 100°C 

Derate above 25°C 

Pd 

250 

143 

1.43 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj' ^stg 

-65 to +200 

®C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

0.7 

oc/w 

Maximum Lead Temperature for Soldering 

Purposes; 1 /B" from Case for 5 Seconds 

Tl 

275 

°c 



NOTES: 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. SO IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE 0: 

I » I ♦.13(0.005)® I T [V0 I 

FOR LEADS: 

1 f I 1.13 (0.005 ) ©t |'V®1 Q(; 


MILLIMETERS INCHES 
DIM mTn 1 MAX nMlir MAX 
A - 1 39.37 ~ - I 1.550 


10.92 BSC 0.430 BSC 

5.46 BSC 0.21S BSC 

16.89 BSC 0.665 BSC 

118 I 17 18 nido I niRn 


(1) Pulse Test; Pulse Width = 5 ms. Duty Cycle ^ 10%. 









MJT0024, MJ10025 


ELECTRICAL CHARACTERISTICS (7^ = 25°C unless otherwise noted) 


Characteristic | 

Symbol 

Min 1 Typ | Max | Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 1 ) MJ10024 

dC = 1 00 mA. Ib = 0) M J1 0025 

VcEO(sus) 

750 

850 

_ 

— 

Vdc 

Collector Cutoff Current 
(VcEV = Ra'ed Value, VBE(off) = ^ -5 Vdc) 

(VcEV = Rated Value, VBE(off) = ^ 5 Vdc, Tq = 1 50°C) 

•CEV 

- 

- 

0.25 

5.0 

mAdc 

Collector Cutoff Current 
(VcE = Rated Vqev. RbE = 50 H, Tc = 1 00°C) 

<CER 

— 

— 

5.0 

mAdc 

Emitter Cutoff Current | 

(Veb=2.0V,Ic = 0) 

•ebo 

— 

— 

175 

mAdc 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 

'S/b 


See Figure 14 



Clamped Inductive SOA with base reverse biased 

rbsoa 


See Figure 15 




ON CHARACTERISTICS (1) 


DC Current Gain 
dC = 5.0 Adc, VcE = 5.0 V) 

fiFE 

50 

— 

600 

— 

Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

(IC= lOAdc, Ib = 1.0 Adc) 


— 

— 

2.2 


IC = 20 Adc, Ib = 5.0 Adc) 


— 

— 

5.0 


dC = 10 Adc, Ib = 1 .0 Adc, Tc = 100°C) 


— 

— 

2.5 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC= 10 Adc, Ib= I .O Adc) 


— 

— 

Z.6 


(IC = 1 0 Adc, Ib = 1 .0 Adc, Tc = 1 00°C) 


— 

— 

2.5 


Diode Forward Voltage 

Vf 

— 

1.25 

4.0 

Vdc 

dp =10 Adc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Oob 

110 

— 

500 

pF 

(VcB = 10 Vdc, Ie = 0, ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 


td 



0.03 

0.3 

MS 

Rise Time 

(Vcc = 250 Vdc, Ic = 1 0 A, Ibi = 1 0 Adc, 

tr 


0.6 

1.8 


Storage Time 

VBE(off) = 5 0 V. tp = 50 MS, 

ts 

_ 

2.0 

5.0 


Fall Time 

Duty Cycle < 2.0%) 

tf 

- 

0.6 

1.8 


Inductive Load, Clamped (Table 1 ) | 

Storage Time 

dCM = 1 0 A, VcEM = 250 V, Ibi = 1 .0 A. 

Isv 

— 

2.9 

7.0 

MS 

Crossover Time 

VBE(off) = 5 V, Tc = 100°C) 

Ic 

- 

1.0 

3.3 


Storage Time 

dCM = 1 0 A, YceM = 250 V, Ibi = 1 .0 A, 

tsv 

_ 

21 

50 

MS 

Crossover Time 

RBE = 24 n, Tc= 100°c 

Ic 

- 

9 0 

25 


Storage Time 

dCM = 1 0 A, VceM = 250 V, VBE(off ) = 5.0 V, 

isv 

— 

2.2 

— 

MS 

Crossover Time 

Ibi Baker Clamped [1 Ampere Source], 

tc 

— 

0.5 

— 



Tc= 100°C) 







(1 ) Pulse Test: PW = 300 ms, Duty Cycle < 2% 


3-724 







Ic COLLECTOR CURRENT l/iA) VcE. COLLECTOR-EMinER VOLTAGE (VOLTS) hpE- OC CURRENT GAIN 


MJ10024, MJ10025 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 3 — COLLECTOR SATURATION VOLTAGE 


FIGURE 4 - BASE-EMITTER SATURATION VOLTAGE 



0.2 0,5 1.0 2.0 5.0 10 20 

Iq, collector current (AMPS) 



0.2 0.5 1.0 2.0 5.0 10 

Ic, collector current (AMPS) 



-0.2 0 +0.2 +0.4 +0.6 +0.8 

Vbe, base-emitter voltage (VOLTS) 



4.5 10 20 50 100 200 


Vr, reverse voltage (VOLTS) 











MJ 10024, MJ 10025 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined, 
tsv = Voltage Storage Time, 90% Ibi to 1 0% V^EM 
trv = Voltage Rise Time, 10 — 90% Vcbm 

tfi = Current Fall Time, 90— 10% IcM 

tti = Current Tail, 10—2% Iqm 
tc = Crossover Time, 1 0% VcEM to 1 0% IcM 
An enlarged portion of the inductive switching waveform 
is shown in Figure 7 to aid on the visual identity of 
these terms. 



0.2 0.5 1.0 2.0 5.0 10 20 

IC, COLLECTOR CURRENT (AMPS) 


For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 
PSWT = 1 /2 VcclC(tc)^ 

In general, t^y + tfj = tc- However, at lower test currents 
this relationship may not be valid. 

As Is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user orinented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tgy) which are 
guaranteed at 100°C. 


FIGURE 1 2 - TYPICAL TURN-OFF SWITCHING TIMES 



FIGURE 13 - THERMAL RESPONSE 
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MJ 10024, MJ 10025 


The Safe Operating Area figures shown in Figures 1 4 and 1 5 are 
specified for these devices under the test conditions shown. 

FIGURE 14 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 
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FIGURE 15 - MAXIMUM RBSOA, REVERSE BIAS 
SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq — Vqe 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 14 is based on Tq = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 4 may be found 
at any case temperature by using the appropriate curve on 
Figure 16. 

Tj(pk) may be calculated from the data in Figure 13. 
Athigh case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. 
Figure 1 5 gives the RBSOA characteristics. 


FIGURE 16 - POWER DERATING 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJ10041 

MJ10044 

MJ10047 


Designer’s Data Sheet 


25 kVA ENERGY MANAGEMENT SERIES 
SWITCHMODE DARLINGTON TRANSISTORS 
25, 50 and 100 Ampere Operating Current 

These Darlington transistors are designed for industrial service 
under practical operating environments requiring fast switching 
speed for highly efficient systems operating at high frequency 
such as inverters, PWM controllers and other high frequency sys- 
tems operating from 120, 230 and 460 V lines. 



*Emitter-Collector Diode is a fast recovery high power diode. 
Note; The 8 ohm resistor is not included in the MJ10044 and MJ10047. 


MAXIMUM RATINGS 


Mechanical Ratings | 

Rating 

Value 

Unit 

Mounting Torque (To heat sink with 6-32 Screw) 

(Note 1) 

8.0 

in.-lb 

Lead Torque (Lead to bus with 5 mm Screw) 

(Note 2) 

20 

in. -lb 

Per Unit Weight 

41 

grams 


THERMAL CHARACTERISTICS 

I Thermal Resistance, Junction to Case, Rgjc | 0-5 | °CA/V 

Mica Insulators available as separate items, 

0. 003. thick. Motorola Part Number 14CSB12387B003. 

Notes: 

1. A Belleville washer of 0.281" O.D., 0.138" I.D., 0.013" thick and 43 pounds flat 
is recommended, 

2. The maximum penetration of the screw should be limited to 0.50". 

3. To adapt the collector and emitter terminals to quick connect terminals, AMP 
250 Series Fasten tab P/N 61499-1 is suggested. 

4. The mounting holes of this package are compatible with TO-204 (formerly 
TO-3) mounting holes. 


25, 50, and 100 AMPERE 
NPN SILICON 
POWER DARLINGTON 
TRANSISTOR 

250, 450 and 850 VOLTS 
250 WATTS 


Designer's Data for 
"Worst-Case" Conditions 

The Designer's Data Sheet permits the design 
of most circuits entirely from the information 
presented. Limit data — representing device 
characteristics boundaries — are given to facil- 
itate "worst-case" design. 



NOTES: 

1. DIMENSIONS A AND BARE DATUMS AND 
T IS BOTH A DATUM SURFACE AND 
SEATING PLANE. 

2. POSITIONALTOLERANCE FOR MOUNTING 

HOLES: 

|-f|^0.25(0.010)(M)|T|A(M)|B(g)| 

3. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5,1982. 

4. CONTROLLING DIMENSION: INCH 
EXCEPT FOR METRICALLYTHREADED 
INSERTS. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

39.11 

40.13 

1.540 

1.580 

B 

33.93 

34.95 

1.336 

1.376 


- 

20.32 

- 

0.800 

D 

0.68 

0.83 

0.027 

0.033 

E 

8.30 

8.81 

0.327 

0.347 

F 

- 1 4.44 

"1 " 

0.175 


29.67 BSC 

1.168 BSC 

H 

5.08 BSC 

0.200 BSC 

J 

0.93 

1.09 

0.037 

0,043 

K 

— 

25.40 

- 

1,000 

L 

2.92 

3.30 

0.115 

0,130 

N 

17.14 

17.39 

0.675 

0.685 

Q 

3.73 

3.88 

0.147 

0.153 

R 

10.41 

10.79 

0.410 

0.425 

XI 

5.84 

6.35 

0.230 

0.250 

u 

M5 .8 (MET 

RICTHRD) 

V 

1.27 1 1.52 

0.050 1 0.060 

w 

4.69 1 4.85 

0.185 1 0.191 

X 

30.15 BSC 

1.187 BSC 


CASE 353-01 
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MAXIMUM RATINGS (Continued) (Tc = 25°C unless otherwise noted.) 


Rating 

Symbol 

MJ10041 

MJ10044 

MJ10047 

Unit 

Collector-Emitter Voltage (Ib = 0) 

VCEO 

850 

450 

250 

Vdc 

Collector-Emitter Voltage (Rbe = 10 Ohms) 

vcer 

900 

500 

300 

Vdc 

Collector-Base Voltage 

VCB 

900 

500 

300 

Vdc 

Emitter-Base Voltage 

Veb 

8.0 

Vdc 

Collector Current — Operating (Tq = 115°C) 

'C(op) 

25 

_ 

— 

A 

(Tc = 85X) 


. — 

50 

— 


(Tc = 85°C) 


— 

— 

100* 


Collector Current — Continuous 

'c 

37.5 

75 

100 

A 

— Peak Repetitive 


75 

150 

300 


— Peak Nonrepetitive 


125 

250 

500 


Base Current — Continuous 

>B 


25 


A 

— Peak Nonrepetitive 



50 



Total Device Dissipation 

Pd 


250 


Watts 

Derate above Tc = 25°C 



2.0 


W/°C 

For 1 -minute overload 



333 


Watts 

Operating Junction and Storage Temperature Range 

Tj, Tstg 


-55 to + 1 50 


°C 

For 1 -minute overload 



-55 to 200 




ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic | Symbol | ivUn j Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
dC = 125 mAdc) 

MJ 10041 
MJ10044 
MJ10047 

VCEO(sus) 

850 

450 

250 

- 

Vdc 

Collector Cutoff Current 


ICEV 



mA 

(VcE = Rated Vcb. VBE(off) = l -S Vdc) 



— 

2.0 


(VcE = Rated Vcb. VBE(off) = l -S Vdc, Tc = 150X) 



— 

10 


Collector Cutoff Current 


ICER 

_ 

10 

mA 

(VcE = Rated VcER- RbE = 10 H, Tc = 100°C) 






Emitter Cutoff Current 


Iebo 



mA 

(Veb = 4.0 Vdc, ic = 0) 

MJ 10041 


— 

500 



MJ 10044 


— 

2.5 



MJ 10047 






SAFE OPERATING AREA 


Second Breakdown Collector Current with Base Forward-Biased 

FBSOA 

See Figures 32, 34 & 36 

Clamped Inductive SOA with Base Reverse-Biased 

RBSOA 

See Figures 33, 35 & 37 

Overload Safe Operating Area 

OLSOA 

See Figures 38, 39, 40, 41, 42 & 43 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 

2000 

PF 

(VcB = 10 Vdc, lE = 0, ftest = 10 kHz) 






(1) Pulse Test. Pulse width of 300 /xs, duty cycle ^ 2.0%. 

*This rating is with a 50% duty cycle, and is limited by power dissipation. Higher operating currents are allowable at lower duty cycles. 
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ELECTRICAL CHARACTERISTICS (Continued) {Tq = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


ON CHARACTERISTICS (1) 


MJ10041 





DC Current Gain 

hpE 




dc = 25 Adc, VcE = 5.0 Vdc) 


25 

— 


dC = 25 Adc, VcE = 10 Vdc) 


40 

— 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

dc = 25 Adc, Ib = 2.0 Adc) 


— 

2.0 


dc = 37.5 Adc, Ib = 7.5 Adc) 


_ 

5.0 


dc = 25 Adc, Ib = 2.0 Adc, Tc = 100°C) 



2.5 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dc = 25 Adc, Ib = 2.0 Adc) 


— 

3.0 


dc = 25 Adc, Ib = 2.0 Adc, Tc = 100°C) 


— 

3.0 


MJ10044 I 

DC Current Gain 

hpE 




dc = 50 Adc, VcE = 5.0 Vdc) 


50 

— 


dc = 50 Adc, VcE = 10 Vdc) 


60 

— 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dc = 50 Adc, Ib = 1.67 Adc) 


— 

2.0 


dc - 75 Adc, Ib = 6.0 Adc) 


— 

3.3 


dc = 50 Adc, Ib = 1.67 Adc, Tc = 100°C) 


— 

2.5 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dc = 50 Adc, Ib = 1.67 Adc) 


— 

3.0 


dc = 50 Adc, Ib = 1.67 Adc, Tc = 100°C) 


— 

3.0 


MJ10047 1 

DC Current Gain 

hpE 




dc = 100 Adc, VcE = 5.0 Vdc) 


75 

— 


dc = 100 Adc, VcE - 10 Vdc) 


90 

— 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dc = 100 Adc, Ib = 2.75 Adc) 


— 

2.0 


dc = 100 Adc, Ib - 2.75 Adc, Tc = 100°C) 


— 

2.5 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dc = 100 Adc, Ib = 2.75 Adc) 


— 

3.5 


dc = 100 Adc, Ib = 2.75 Adc, Tc = 100°C) 


— 

3.5 



(1) Pulse Test: Pulse width of 300 /as, duty cycle « 2.0%. 


ELECTRICAL CHARACTERISTICS (Continued) {Tq = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Typ | Max | Unit 


SWITCHING CHARACTERISTICS 


MJ10041 

Resistive Load 

Delay Time 

(Vcc = 300 Vdc, Ic = 25 A, Ibi = 2.5 A, 
VbE(OPP) = 5.0 V, tp = 50 /AS, 

Duty Cycle ^ 2.0%) 

td 

— 

0.03 

0.25 

/AS 

Rise Time 

tr 

— 

1.2 

5.0 

Storage Time 

ts 

— 

3.3 

10 

Pall Time 

tf 

— 

1.5 

5.0 

Inductive Load, Clamped | 

Storage Time 

dCM = 25 A, 

VcEM = 300 V, 

VbE(OPP) = 5.0 V, 

Ibi = 2.5 A) 

Tj = 100°C 

Isv 

— 

5.0 

15 

/AS 

Crossover Time 

1c 

— 

3.0 

10 

Storage Time 

Tj = 25X 

Isv 

— 

3.5 

10 

Crossover Time 

1c 

- 

1.5 

5.0 


3-731 





MJ10041, MJ10044, MJ10047 


ELECTRICAL CHARACTERISTICS (Continued) (Tc = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | typ | Max | Unit 


SWITCHING CHARACTERISTICS 


MJ10044 

Resistive Load 

Delay Time 

(Vcc = 250 Vdc, Ic = 50 A, Ibi = 1.67 A, 
VbE(OFF) = 5.0 V, tp = 50 fis, 

Duty Cycle 2.0%) 

td 


0.03 

0.25 


Rise Time 

tr 

— 

0.9 

3.0 

Storage Time 

Is 

— 

1.5 

3.8 

Fall Time 

tf 

— 

0.4 

1.3 

Inductive Load, Clamped | 

Storage Time 

dCM = 50 A, 

VcEM = 250 V, 

VbE(OFF) = 5.0 V, 

Ibi = 1.67 A) 

Tj = 100X 

tsv 

— 

2.5 

7.5 

/xs 

Crossover Time 

Ic 

— 

0.8 

3.0 

Storage Time 

Tj = 25X 

tsv 

— 

1.5 

3.8 

Crossover Time 

tc 

— 

0.5 

1.5 

MJ10047 

Resistive Load 

Delay Time 

(Vcc = 150 Vdc, Ic = 100 A, Ibi = 2.75 A, 
VbE(OFF) = 5.0 V, tp = 50 fis, 

Duty Cycle 2.0%) 

td 

- 

0.035 

0.25 

/is 

Rise Time 

tr 

— 

1.2 

4.0 

Storage Time 

ts 

— 

1.4 

4.0 

Fall Time 

tf 

- 

0.25 

1.0 

Inductive Load, Clamped | 

Storage Time 

dCM = 100 A, 

VCEM = 150 V, 

VbE(OFF) = 5.0 V, 

Ibi = 2.75 A) 

Tj = 100°C 

tsv 

— 

2.8 

8.0 

/is 

Crossover Time 

tc 

- 

1.4 

4.0 

Storage Time 

Tj = 25X 

tsv 

— 

2.2 

6.5 

Crossover Time 

tc 

- 

1.0 

3.0 


C-E DIODE CHARACTERISTICS 


Power Dissipation (Ib = 0) 

pd 

— 

— ' ■ 

125 

W 

Single Cycle Surge Current (60 Hz) 

Ifsm 

— 

— 

250 

Apk 

Forward Voltage (1) 


Vf 




Vdc 

(Ip = 25 Adc) 

MJ10041 


— 

2.7 

5.0 


(Ip = 50 Adc) 

MJ 10044 


— 

1.7 

5.0 


(Ip = 100 Adc) 

MJ 10047 


— 

2.5 

5.0 


Reverse Recovery Time 


trr 




/AS 

(Ip = 25 Adc, di/dt = 25 A//is) 

MJ 10041 


— 

0.2 

1.0 


(Ip = 50 Adc, di/dt = 50 A//is) 

MJ10044 


— 

0.4 

1.0 


(Ip = 100 Adc, di/dt = 100 A//is) 

MJ10047 


— 

0.4 

1.0 


Reverse Recovery Current 


'RM(rec) 




A 

(Ip = 25 A, di/dt = 25 A//xs) 

MJ10041 


— 

3.5 

12.5 


(Ip = 50 A, di/dt = 50 A/fis) 

MJ10044 


— 

10 

25 


(Ip = 100 A, di/dt = 100 AZ/is) 

MJ 10047 


— 

25 

50 


Forward Turn-On Time (Compliance Voltage 

= 250 V) 

ton 




/IS 

(Ip = 25 Adc) 

MJ 10041 


— 

0.1 

1.0 


(Ip = 50 Adc) 

MJ10044 


— 

0.1 

0.5 


(Ip = 100 Adc) 

MJ 10047 


— 

0.4 

1.0 



(1) Pulse Test: Pulse width of 300 /is, duty cycle « 2.0%. 


3-732 


hpE. DC CURRENT GAIN | hpE- DC CURRENT GAIN hpE- DC CURRENT GAIN 


MJ10041, MJ10044, MJ10047 


TYPICAL ELECTRICAL CHARACTERISTICS 


MJ10041 




0.5 1.0 2.5 5.0 10 15 25 50 0.5 1.0 2.5 5.0 10 15 25 50 

IC, COLLECTOR CURRENT (AMPS) Iq. COLLECTOR CURRENT (AMPS) 

MJ10044 


FIGURE 3 — DC CURRENT GAIN 




1.0 2.0 3.0 5.0 10 20 30 50 75 100 
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MJ10047 


FIGURE 5 — DC CURRENT GAIN 
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TYPICAL ELECTRICAL CHARACTERISTICS (continued) 
« ■ " ■■ ■' ■ " MJ10041 ■! Ill 


FIGURE 7 — DC CURRENT GAIN FIGURE 8 — COLLECTOR SATURATION VOLTAGE 



1.25 2.6 5.0 10 15 25 50 125 0.5 1.0 2.5 5.0 10 25 


IC, COLLECTOR CURRENT (AMPS) Iq, COLLECTOR CURRENT (AMPS) 

..M.. MJ10044 — 


FIGURE 9 ^ DC CURRENT GAIN FIGURE 10 — COLLECTOR SATURATION REGION 
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Vbe, base-emitter voltage (VOLTS) I Vbe- BASE-EMIHER voltage (VOLTS) I Vbe. BASE-EMIHER voltage (VOLTS) 
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TYPICAL ELECTRICAL CHARACTERISTICS (continued) 
MJ10041 



IC, COLLECTOR CURRENT (AMPS) 


0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

VBE(off). BASE-EMIHER VOLTAGE (VOLTS) 


MJ10044 


FIGURE 15 ~ BASE-EMITTER SATURATION VOLTAGE FIGURE 16 — PEAK REVERSE BASE CURRENT 




MJ10047 



1.0 2.0 3.0 5.0 10 25 50 100 

IC, COLLECTOR CURRENT (AMPS) 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

VBE(off). BASE-EMITTER VOLTAGE (VOLTS) 
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TYPICAL ELECTRICAL CHARACTERISTICS (continued) 


FIGURE 25 — TYPICAL TURN OFF SWITCHING TIMES 
MJ10041 


FIGURE 26 — EMITTER-COLLECTOR DIODE 
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RGURE 27 — TYPICAL TURN-OFF SWITCHING TIMES 
MJ10044 
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3 


FIGURE 29 ~ TYPICAL TURN-OFF SWITCHING TIMES 
MJ10047 
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VcEO(Mit) 


20 n 


5.0 Vji — 1 

z 

0 -J L_ 

ll 

PW varied to Attain 

Ic = 125 mA 


Lcoil = 10 mH Vcc = 10 V 


Rcoil = 0.7 n 


Vdamp = VcEOfsus) 


TABLE 1 — TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

n RBSOA AND INDUCTIVE SWTTCHING 


For inductive loads pulse width 
is adjusted to obtain specified 1^ 


i®-0^925 V 1 

I A. T 0.0\ 


PI Adjust R1 
to obtain 
desired Iqi 


u ^ 

L- 1 -BOV 


hJ i I 

K MTM12N08 


Lcoit = 5.0 ^ 
Vcc = 20 V 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


Input V!5»/ + I < • Lo I 

^ / Equivalent T i S i 

See Above for | L -i K 

Detailed Conditions Vdamp i: Vcc ''CE „ ’ P * 

o ^ ''CEM I Vdamp 

2 « L_L_t 

0.1 n Time h-t2— I 

Adjust — V such that Vp^joff) = 5.0 V except as required for RBSOA. 

SWITCHING TIMES NOTE 


'biT I 

Ibi adjusted to 
obtain the forced 
hpE desired 
TURN-OFF TIME 
Use inductive switching 
circuit as the input to 
the resistive test circuit. 

Vcc = 150 to 300 V 
Pulse Width = 50 /*s 
Adjust Rl for IcM 


RESISTIVE TEST CIRCUIT 



tt Adjusted to 
Obtain Ic 


Test Equipment 
Scope — Tektronix 
475 or Equivalent 



In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCH- 
MODE power supplies and motor controls, current and 
voltage waveforms are not in phase. Therefore, sepa- 
rate measurements must be made on each waveform 
to determine the total switching time. For this reason, 
the following new terms have been defined, 
tsv = Voltage Storage Time, 90% 101 to 10% 

VCEM 

tfv = Voltage Rise Time, 10-90% Vcem 

tfi = Current Fall Time, 90-10% IcM 
ttj = Current Tail, 10-2% IcM 
tc = Crossover Time, 10% Vqem •cM 

An enlarged portion of the inductive switching wave- 

nGURE 30 — INDUCTIVE SWITCHING MEASUREMENTS 


form is shown in Figure 30 to aid on the visual Identity 
of these terms. 

For the designer, there is minimal switching loss dur- 
ing storage time and the predominant switching power 
losses occur during the crossover interval and can be 
obtained using the standard equation from AN-222A; 

PSWT = V2 WQQ\Q{Xc)i 

In general, trv + tfi-tc* However, at lower test currents 
this relationship may not be valid. 

As IS common with most switching transistors, resis- 
tive switching is specified at 25°C and has become a 
benchmark for designers. However, for designers of 
high frequency converter circuits, the user-oriented 
specifications which make this a "SWITCHMODE" tran- 
sistor are the inductive switching speeds (t^ and tsy) 
which are guaranteed at 100°C. 

FIGURE 31 ~ THERMAL RESPONSE 



■ P(pk) 

;mjL 
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: 
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= R0JC<1) = R0JC =::;= = 
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- 0 Curves Apply for Power Pulse Train Shown- ■ — 

' Read Time @ ti "7 Z~ 

0.1 1.0 10 100 
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SAFE OPERATING AREA INFORMATION 

■ ■■ MJ10041 


FIGURE 32 MAXIMUM RATED FORWARD-BIAS 
SAFE OPERATING AREA (FBSOA) 



FIGURE 33 — MAXIMUM RATED REVERSE-BIAS 
SAFE OPERATING AREA (RBSOA) 



VcE. PEAK COLLECTOR-EMITTER VOLTAGE (VOLTS) 


MJ10044 


FIGURE 34 — MAXIMUM RATED FORWARD-BIAS 
SAFE OPERATING AREA (FBSOA) 



FIGURE 35 — MAXIMUM RATED REVERSE-BIAS 
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MJ10047 


RGURE 36 — MAXIMUM RATED FORWARD-BIAS 
SAFE OPERATING AREA (FBSOA) 



FIGURE 37 — MAXIMUM RATED REVERSE-BIAS 
SAFE OPERATING AREA (RBSOA) 
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OVERLOAD CHARACTERISTICS 


MJ10041 


FIGURE 38 — OVERLOAD SAFE OPERATING AREA 
TYPEKOLSOA) 


FIGURE 39 — OVERLOAD SAFE OPERATING AREA 
TYPE II (OLSOA) 
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MJ10044 


FIGURE 40 — OVERLOAD SAFE OPERATING AREA 
TYPE I (OLSOA) 


FIGURE 41 — OVERLOAD SAFE OPERATING AREA 
TYPE II (OLSOA) 
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FIGURE 42 — OVERLOAD SAFE OPERATING AREA 
TYPE I (OLSOA) 


FIGURE 43 — OVERLOAD SAFE OPERATING AREA 
TYPE II (OLSOA) 
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SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling abil- 
ity of a transitor: average junction temperature and sec- 
ond breakdown. Safe operating area curves indicate 
Ic — VcE limits of the transistor that must be observed 
for reliable operation; i.e., the transistor must not be 
subjected to greater dissipation than the curves indicate. 

The data of Figures 32, 34, and 36 are based on Tq 
= 25°C; Tj(p|() is variable depending on power level. 
Second breakdown pulse limits are valid for duty cycles 
to 10% but must be derated when Tq 5= 25°C. Second 
breakdown limitations do not derate the same as ther- 
mal limitations. Allowable current at the voltages shown 
on these figures may be found at any case temperature 
by using the appropriate curve on Figure 28. 

Tj(pk) may be calculated from the data in Figure 31. 
At high case temperatures, thermal limitations will re- 
duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off. In 
most cases, with the base to emitter junction reverse- 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value 
of collector current. This can be accomplished by sev- 
eral means such as active clamping, RC snubbing, load 
line shaping, etc. The safe level for these devices is 
specified as Reverse-Bias Safe Operating Area and rep- 
resents the voltage-current condition allowable during 
reverse-biased turn-off. This rating Is verified under 
clamped conditions so that the device is never subjected 
to an avalanche mode. Figures 33, 35 and 37 give the 
RBSOA characteristics. 

OVERLOAD SAFE OPERATING AREA 

The forward-bias safe operating area (FBSOA) spec- 
ification given in these figures adequately describes 
transistor capability for normal repetitive operation. 
When short circuit or fault conditions occur, these tran- 
sistor specifications are not always adequate. A speci- 
fication called overload safe operating area (OLSOA) 
has been developed to describe the transistor's ability 
to survive under fault conditions. OLSOA is specified 
under two types of conditions. 

TYPE I OLSOA 

Type I OLSOA applies when maximum collector cur- 
rent is limited and known. A good example is a circuit 
where an inductor is Inserted between the transistor 
and the bus, which limits the rate of rise of collector 
current to a known value. If the transistor is then turned 
off within a specified amount of time, the magnitude of 
collector current is also known. Figures 38, 40 and 42 
depict the Type I OLSOA rating for these devices. Max- 
imum allowable collector-emitter voltage versus collec- 


tor current is plotted for several pulse widths. (Pulse 
width is defined as the time lag between the fault con- 
dition and the removal of base drive.) Storage time of 
the transistor has been factored into the curve. There- 
fore, with bus voltage and maximum collector current 
known, these figures define the maximum time which 
can be allowed for fault detection and shutdown of base 
drive. 

Type I OLSOA is measured in a common-base circuit 
(Figure 44) which allows precise definition of collector- 
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe oper- 
ating area. 


TYPE II OLSOA 

Type II OLSOA applies when maximum collector cur- 
rent is not limited by circuit design, but is limited only 
by the gain of the transistor. Therefore, collector current 
does not appear on the Type II OLSOA curve. This curve 
defines a safe region of operation from the information 
that is usually available to the designer. 

This information is normally base drive, bus voltage 
and time. In terms of the OLSOA curve, bus voltage is 
assumed to be worst-case collector-emitter voltage, and 
time is defined to be the same pulse width that was 
described for Type I OLSOA. Using these variables, 
maximum collector-emitter voltage versus base drive 
is plotted for several values of pulse width. A safe region 
of operation is thus determined by the circuit parame- 
ters. Type II OLSOA, as shown In Figures 39, 41 and 43 
are measured in the circuit shown In Figure 45, and 
measurement is made as follows; Base current is ap- 
plied while the collector is open, allowing a highly over- 
driven saturated condition. Next, a stiff voltage source 
Is applied to the collector. The rising voltage at the col- 
lector of the transistor triggers a delay function. At the 
end of this delay, base drive is removed. The delay time 
is the variable on the Type II OLSOA curve. The storage 
time of the transistor is thereby factored into the rating. 

There are several additional aspects to be considered 
regarding OLSOA. The first consideration is that OLSOA 
Is strictly a NON-REPETITIVE rating. It is intended to 
describe the survivability of the transistor during an 
accidental overload and is not intended to describe a 
stress level which can be sustained indefinitely. The 
number of nonrepetitive faults for which OLSOA Is de- 
fined for these devices is 100 occurrences. Another 
factor Is the form of turn-off bias. For these devices, 
turn-off bias has relatively little effect on its OLSOA 
capability. This observation is valid from I 02 = 0 (soft) 
to VBE(off) = 5.0 V (stiff). 

OLSOA is subject to the same derating with temper- 
ature as normal FBSOA. The second breakdown de- 
rating curve is applied to the allowable current at any 
given voltage, using the same procedure that is fol- 
lowed with pulsed FBSOA. 
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OVERLOAD SAFE OPERATING TEST CIRCUITS 

FIGURE 44 — OVERLOAD SOA TEST CIRCUIT 
TYPE I (OLSOA) 


Vcc 


Notes: 

• VcE = Vcc + Vbe 

• Adjust pulsed current source 

for desired Ic, tp 



3 


Notes: 

• Rep Rate 10 Hz 

• Adjust R1 for desired Ig 

• Pulse delay time at the 
generator determines pulse 
width at the device under test 


FIGURE 45 — OVERLOAD SOA TEST CIRCUIT 
TYPE II (OLSOA) 


Mercury Relay 


H.P. 214 
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or Equiv. 


n 10V/10/XS 


jExt 

In 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Designer’s Data Sheet 


25 KVA ENERGY MANAGEMENT SERIES 
SWITCHMODE DARLINGTON TRANSISTORS 
25, 50 and 100 Ampere Operating Current 


25, 50, and 100 AMPERE 
NPN SILICON 
POWER DARLINGTON 
TRANSISTOR 

250, 450 and 850 VOLTS 
250 WATTS 


These Darlington transistors are designed for industrial service 
under practical operating environments found in switching high 
power inductive loads off 1 20, 230 and 460 Volt lines. 


Designer's Data for 
"Worst-Case" Conditions 


EMITTER ^ 



The Designer's Data Sheet permits 
the design of mostcircuitsentirelyfrom 
the information presented. Limit data — 
representing device characteristics 
boundaries — are given to facilitate 
"worst-case " design. 



*Emitter-Collector Diode is a high power diode. 


MAXIMUM RATINGS 


Mica Insulators available as separate items. 

0. 003. thick. Motorola Part Number 1 4CSB1 2387B003. 

Notes: 

1 . A Belleville washer of 0.281 " O.D., 0.1 38" I D., 0.01 3" thick and 43 poundsflat is 
recommended. 

2. The maximum penetration of the screw should be limited to 0.50". 

3. To adapt the collector and emitter terminals to quick connect terminals, AMP 250 
Series Easton tab P/N 61499-1 is suggested. 

4. The mounting holes of this package are compatible with TO-204 (formerly TO-3) 
mounting holes. 


STYLE 1: I 1 'c 

PIN 1. BASE 

2. EMITTER 

3. COLLECTOR ^ 

4. COLLECTOR ''jp® 


Mechanical Ratings | 

Rating 

Value 

Unit 

Mounting Torque (To heat sink with 6-32 Screw) 

(Note 1 ) 

8.0 

in. -lb 

Lead Torque (Lead to bus with 5 mm Screw) 

(Note 2) 

20 

in. -lb 

Per Unit Weight 

41 

grams 

THERMAL CHARACTERISTICS 

1 Thermal Resistance, Junction to Case, Rqjc | 

0.5 

°c/w 1 



NOTES: 

1. OIMENSIONS A ANO BARE DATUMS ANO 
T IS BOTH A DATUM SURFACE AND 
SEATING PLANE. 

2. POSITIONAL TOLERANCE FOR MOUNTING 

HOLES: 

|4|^0.25(0.010)®|t|a@|b®| 

3. DIMENSIONING ANO TOLERANCING PER 
ANSI Y14.5,1982. 

4. CONTROLLING DIMENSION: INCH 
EXCEPT FOR METRICALLYTHREADED 
INSERTS. 



MILLIMETERS 

INCHES 1 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

39.11 

40.13 

1.540 

1.580 

B 

33.93 

34.95 

1.336 

1.376 

C 


20.32 

_ 

0.800 

■ n 

0.68 

0.83 

0.027 

0.033 

F 

8.30 

8.81 

0.327 

0.347 

F 

_ 

4.44 


0.175 

n 

29.67 BSC 

1.168 BSC 

H 

J 

5.08 

0.93 

BSC 

1.09 

0.200 

rpsT 

BSC 

0.043 

lO 

— 

25.40 

- 

1.000 

L 

2.92 

3.30 

0.115 

0.130 

N 

17.14 

17.39 

0,675 

0.685 

Q 

3.73 

3.88 

0.147 

0.153 

fl 1 
S 

JLJ 

V 

10.41 

5.84 

M5 

1.27 

10.79 0.410 0.425 

6.35 0.230 1 0.250 
.8 (METRIC THRO) 

1,52 10.050 1 0.060 

IT] 

hj 

4.69 1 4.85 
30,15 BSC 

0.185 

1.187 

0.191 

BSC 


CASE 353-01 
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MAXIMUM RATINGS (Continued) (Tc = 25°C unless otherwise noted.) 


Rating 

Symbol 

MJ 10042 

MJ10045 

MJ10048 

Unit 

Collector-Emitter Voltage (Ib = 0) 

VCEO 

850 

450 

250 

Vdc 

Collector-Emitter Voltage (Rbe ~ Ohms) 

VCER 

900 

500 

300 

Vdc 

Collector-Base Voltage 

VCB 

900 

500 

300 

Vdc 

Emitter-Base Voltage 

Veb 

8,0 

Vdc 

Collector Current — Operating (Tq =11 5°C) 

•C(op) 

25 

— 

— 

A 

(Tc = 85°C) 

— 

50 

— 


(Tc = 85°C) 


— 

— 

100* 


Collector Current — Continuous 

«C 

37.5 

75 

100 

A 

— Peak Repetitive 


75 

150 

300 


— Peak Nonrepetitive 


125 

250 

500 


Base Current — Continuous 

'b 


25 


A 

— Peak Nonrepetitive 



50 



Total Device Dissipation 

pd 


250 


Watts 

Derate above Tc = 25°C 



2.0 


W/°C 

For 1 -minute overload 



333 


Watts 

Operating Junction and Storage Temperature Range 

^J' ^stg 


-55 to +150 


°C 

For 1 -minute overload 1 


-55 to 200 




ELECTRICAL CHARACTERISTICS (Tc= 25oc unless otherwise noted) 

Characteristic | Symbol | Min j Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

(IC= 125 mAdc) 

MJ 10042 
MJ10045 

MJ 10048 

VcEO(sus) 

850 

450 

250 

- 

Vdc 

Collector Cutoff Current 
(VcE = Rated Vcb- VBE(off) = ^ -5 Vdc) 

(VcE = Rated Vcb. VBE(off) = 5 Vdc, Tc = 1 50°C) 


•CEV 

- 

2.0 

10 

mA 

Collector Cutoff Current 
(VcE = Rated Vcer, RbE = 10 H, Tc = 100°C) 


'CER 


10 

mA 

Emitter Cutoff Current 
(Veb = 4.0 Vdc, Ic = 0) 


•ebo 


350 

mA 


SAFE OPERATING AREA 


Second Breakdown Collector Current with Base Forward-Biased 

FBSOA 

See Figures 32, 34 & 36 

Clamped Inductive SOA with Base Reverse-Biased 

RBSOA 

See Figures 33, 35 & 37 

Overload Safe Operating Area 

OLSOA 

See Figures 38, 39, 40, 41 , 42 & 43 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

Oob 

— 

2000 

pF 

(Vcb = 10 Vdc, Ie = o, ftest = 1 0 kHz) 






(1 ) Pulse Test. Pulse width of 300 /^s, duty cycle ^2.0%. 

* This rating is with a 50% duty cycle, and is limited by power dissipation. Higher operating currents are allowable at lower duty cycles. 
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MJ 10042. MJ10045, MJ 10048 


ELECTRICAL CHARACTERISTICS (Continued) (Jq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max T Unit 


ON CHARACTERISTICS (1) 


MJ10042 





DC Current Gain 





(Ic = 25 Adc, VcE = 5.0 Vdc) 


35 

— 


(IC = 25 Adc, VcE= 10 Vdc) 


40 

— 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dc = 25 Adc, Ib = 2.0 Adc) 


— 

2.0 


dC = 37.5 Adc, Ib = 7.5 Adc) 


— 

5.0 


dc = 25 Adc, Ib = 2.0 Adc, Tc = 100°C) 


— 

2.5 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dc = 25 Adc, Ib = 2.0 Adc) 


— 

3.0 


dc = 25 Adc, Ib = 2.0 Adc, Tc = 1 00°C) 


— 

3.0 


MJ10045 

DC Current Gain 

hPE 




dc = 50Adc, Vce= 5.0 Vdc) 


50 

— 


dc=50Adc, VcE= 10 Vdc) 


60 

— 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

dc = 50 Adc, Ib = 1 .67 Adc) 


— 

2.0 


(Ic = 75 Adc, Ib = 6.0 Adc) 


— 

3.3 


dc = 50 Adc, Ib = 1 .67 Adc, Tc = 1 00°C) 


— 

2.5 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

(lc = 50 Adc, Ib= 1.67 Adc) 


— 

3.0 


dc = 50 Adc, Ib = 1 .67 Adc, Tc = 1 00°C) 


— 

3.0 


MJ10048 

DC Current Gain 





dc= 100 Adc, VcE= 5.0 Vdc) 


75 

— 


dc= 100 Adc, VcE= 10 Vdc) 


90 

— 


Collector-Emitter Saturation Voltage 




Vdc 

(IC = 100 Adc, Ib = 2.75 Adc) 


— 

2.0 


dc = 1 00 Adc, Ib = 2.75 Adc, Tc = 1 00°C) 


— 

2.5 


Base-Emitter Saturation Voltage 




Vdc 

(IC= 100 Adc, Ib = 2.75 Adc) 


— 

3.0 


(Ic = 100 Adc, Ib = 2.75 Adc, Tc = 100°C) 


— 

3.0 



(1) Pulse Test: Pulse width of 300 /xs, duty cycle ^ 2.0%. 
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ELECTRICAL CHARACTERISTICS (Continued) (Tc = 25°C unless Otherwise noted) 

Characteristic | Symbol [ Min [ Typ [ Max [ Unit 

SWITCHING CHARACTERISTICS 


MJ 10042 

Resistive Load 

Delay Time 

(Vcc = 300 Vdc, Ic = 25 A, Ibi = 2.0 A, 

Rbe = 10 n, tp = 50 MS, 

Duty Cycle < 2.0%) 

Id 

— 

0.03 

0.25 

MS 

Rise Time 

tr 

— 

1.2 

5.0 

Storage Time 

Is 

— 

35 

100 

Fall Time 

tf 

— 

8.5 

35 

Inductive Load, Clamped | 

Storage Time 

(IcM = 25A, 

vcEM = 350 V, Rbe -ion, 
Ibi = 2.0 A) 

Tj= 100°C 

Isv 

— 

50 

150 

MS 

Crossover Time 

Ic 

— 

20 

60 

Storage Time 

Tj=25°C 

Isv 

— 

35 

100 

Crossover Time 

Ic 

— 

10 

35 

MJ 10045 

Resistive Load 

Delay Time 

(Vcc = 250 Vdc, Ic = 50 A, Ibi = 1 .67 A, 

Rbe “ 1 0 n, tp = 50 ns. 

Duty Cycle ^ 2.0%) 

td 

— 

0.03 

0.25 

MS 

Rise Time 

tr 

— 

0.9 

3.0 

Storage Time 

ts 

— 

10 

25 

Fall Time 

tf 

— 

3.0 

10 

Inductive Load, Clamped | 

Storage Time 

(ICM = 50 A, 

vcem = 250 V, Rbe =10 a 
Ibi = 1.67 A) 

Tj= 100°C 

tsv 

— 

15 

50 

MS 

Crossover Time 

tc 

— 

4.0 

15 

Storage Time 

Tj = 25°C 

tsv 

— 

10 

25 

Crossover Time 

tc 

— 

2.T 

10 

MJ10048 

Resistive Load 

Delay Time 

(Vcc = 1 50 Vdc, Ic = 1 00 A. Ibi = 2.75 A, 

Rbe = 1 0 fi, tp = 50 fis. 

Duty Cycle < 2.0%) 

td 

— 

0.035 

0.25 

MS 

Rise Time 

tr 

— 

1.2 

4.0 

Storage Time 

ts 

— 

6.3 

20 

Fall Time 

tf 

— 

TB 

8.0 

Inductive Load, Clamped | 

Storage Time 

(Icm=iooa, 

VCEM= 150 V, Rbe = 10 a 
Ibi = 2.75 A) 

Tj= lOO-^C 

tsv 

— 

9.0 

30 

MS 

Crossover Time 

tc 

— 

^ 

12 

Storage Time 

Tj=25°C 

tsv 

~ . 

6.5 

20 

Crossover Time 

tc 

— 

2.3 

8.0 


C-E DIODE CHARACTERISTICS 


Power Dissipation (Ib = 0) 

Pd 

- 

- 

125 

W 

Single Cycle Surge Current (60 Hz) 

•fsm 

- 

- 

250 

Apk 

Forward Voltage (1) 


Vf 




Vdc 

(Ip = 25 Adc) 

MJ 10042 


— 

— 

1.5 


(Ip = 50 Adc) 

MJ10045 


— 

— 

1.5 


(lp= 100 Adc) 

MJ10048 


■ — 

- 

2.0 


Reverse Recovery Time (dj/dt = 25 A/ms) 


trr 




MS 

(Ip = 25 Adc) 

MJ 10042 


— 

4.0 

12 


(Ip = 50 Adc) 

MJ10045 


— 

3.3 

10 


(lp= 100 Adc) 

MJ 10048 


— 

2.5 

8.0 


Forward Turn-On Time (Complia nee Voltage = 

250 V) 

ton 




MS 

(Ip = 25 Adc) 

MJ 10042 


— 

0.3 

1.2 


(Ip - 50 Adc) 

MJ 10045 


— 

0.3 

1.0 


(Ip =100 Adc) 

MJ10048 

I 

— 

1.0 

3 5 



(1) Pulse Test: Pulse width of 300 ;us, duty cycle ^2.0%. 
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TYPICAL ELECTRICAL CHARACTERISTICS (continued) 


FIGURE 25— TYPICALTURN-OFF SWITCHING TIMES 
MJ 10042 



FIGURE 26 — EMITTER-COLLECTOR DIODE 
FORWARD VOLTAGE 



Ip, FORWARD CURREMT (AMPS) 


FIGURE 27 -TYPICALTURN-OFF SWITCHING TIMES 
MJ10045 



IC, COLLECTOR CURRENT (AMPS) 


FIGURE 28 — POWER DERATING 



FIGURE 29 -TYPICALTURN-OFF SWITCHING TIMES 
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‘Adjust — V such that VgEjoff) = 5.0 V except as required for RBSOA. 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and motor controls, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv - Voltage Storage Time, 90% Ibi to 10 % 
trv = Voltage Rise Time, 10—90% V^EM 
tfj = Current Fall Time, 90 — 10% IcM 
tti = Current Tail, 10 — 2% Iqm 
tc = Crossover Time, 1 0% Vcbm to 1 0% Iqm 

An enlarged portion of the inductive switching waveform 


is shown in Figure 30to aid on the visual identity of 
these terms. 

For the designer, there is minimal switching, loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 

PSWT= '>/2 VccIcdcK 

In general, trv + Ifi — ic However, at lower test currents 
this relationship may not be valid. 

As iscommon with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user-oriented specifica- 
tions which make this a "SWITCHMODE” transistor are 
the inductive switching speeds (tc and tsv) which are 
guaranteed at 100°C. 
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SAFE OPERATING AREA INFORMATION 

M J 1 0042 


FIGURE 32 - MAXIMUM RATED FORWARD-BIAS 
SAFE OPERATING AREA (FBSOA) 



FIGURE 33 - MAXIMUM RATED REVERSE-BIAS 
SAFE OPERATING AREA(RBSOA) 



MJ 10045 


FIGURE 34 - MAXIMUM RATED FORWARD-BIAS 
SAFE OPERATING AREA (FBSOA) 



FIGURE 35 - MAXIMUM RATED REVERSE-BIAS 



qI I I I I I I ^ I 1 1 

0 100 200 300 400 500 600 

VcE- peak collector-emitter voltage (VOLTS) 


MJ 10048, 


FIGURE 36 - MAXIMUM RATED FORWARD-BIAS 
SAFE OPERATING AREA (FBSOA) 



FIGURE 37 - MAXIMUM RATED REVERSE-BIAS 
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OVERLOAD CHARACTERISTICS 


MJ 10042 


FIGURE 38 - OVERLOAD SAFE OPERATING AREA 
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FIGURE 39 - OVERLOAD SAFE OPERATING AREA 
TYPE II (OLSOA) 
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■' MJ10045 

FIGURE 40 - OVERLOAD SAFE OPERATING AREA FIGURE 41 - OVERLOAD SAFE OPERATING AREA 

TYPE I (OLSOA) TYPE II (OLSOA) 
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MJ10048 


FIGURE 42 - OVERLOAD SAFE OPERATING AREA 
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FIGURE 43 - OVERLOAD SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor; average junction temperature and second 
breakdown. Safe operating area curves indicate Ic — VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 32, 34 and 36 are based on Tq = 
25°C; Tj(pi^) is variable depending on power level. Second 
breakdown pulse limits are valid for dutycycles to 1 0 % but 
must be derated when Tq ^ 25°C. Second breakdown 
limitations do not derate the same as thermal limitations. 
Allowable current at the voltages shown on these figures 
maybe found at any case temperature by using the appro- 
priate curve on Figure 28. 

Tj(pk) may be calculated from the data in Figure 31. 
At high case temperatures, thermal limitationswill reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse-biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. Thiscan be accomplished by several meanssuch 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse- Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse-biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figures 
33, 35 and 37 give the RBSOA characteristics. 

OVERLOAD SAFE OPERATING AREA 

The forward-bias safe operating area (FBSOA) specifica- 
tion given in these figures adequatelydescribes transistor 
capability for normal repetitive operation. When short cir- 
cuit or fault conditions occur, these transistor specifications 
are not always adequate. A specification called overload 
safe operating area (OLSOA) has been developed to describe 
the transistor's ability to survive under fault conditions. 
OLSOA is specified under two types of conditions. 

TYPE I OLSOA 

Type I OLSOAapplies when maximum collector current 
is limited and known. Agood example isa circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current toa known 
value. If the transistor isthen turned off within a specified 
amount of time, the magnitude of collector current is also 
known. Figures 38, 40 and 42 depict the Type I OLSOA 
rating for these devices. Maximum allowable collector- 


emitter voltage versus collector current is plotted for 
several pulse widths. (Pulse width is defined as the time 
lag between the fault condition and the removal of base 
drive.) Storage time of the transistor has been factored 
into the curve. Therefore, with bus voltage and maximum 
collector current known, these figures define the maxi- 
mum time which can be allowed for fault detection and 
shutdown of base drive. 

Type I OLSOA is measured in a common-base circuit 
(Figure 44) which allows precise definition of collector- 
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe operating 
area. 

TYPE II OLSOA 

Type II OLSOAapplies when maximum collector current 
is not limited by circuit design, but is limited only by the 
gain of the transistor. Therefore, collector current does not 
appear on the Type II OLSOA curve. This curve defines a 
safe region of operation from the information that is usually 
available to the designer. 

This information is normally base drive, bus voltage and 
time. In terms of the OLSOA curve, bus voltage is assumed 
to be worst-case collector-emitter voltage, and time is 
defined to be the same pulse width that was described for 
Type I OLSOA. Using these variables, maximum collector- 
emitter voltage versus base drive is plotted for several 
values of pulse width. A safe region of operation is thus 
determined by the circuit parameters. Type II OLSOA, as 
shown in Figures 39, 41 and 43 are measured in the cir- 
cuit shown in Figure 45, and measurement is made as 
follows. Base current is applied while the collector is 
open, allowing a highly overdriven saturated condition. 
Next, a stiff voltage source is applied to the collector. The 
rising voltage at the collector of the transistor triggers a 
delay function. At the end of this delay, base drive is 
removed. The delay time is the variable on the Type II 
OLSOAcurve. The storage time of the transistor is thereby 
factored Into the rating. 

There are several additional aspects to be considered 
regarding OLSOA. The first consideration is that OLSOA is 
strictly a NON-REPETITIVE rating. It is intended to describe 
the survivability of the transistor during an accidental over- 
load and is not intended to describe a stress level which 
can be sustained indefinitely. The number of nonrepetitive 
faultsfor which OLSOA is defined for these devices is 100 
occurrences. Another factor is the form of turn-off bias. 
For these devices, turn-off bias has relatively little effect 
on its OLSOA capability. This observation is valid from 
|02 = 0 (soft) to VBE(off) ^ 5 V (stiff). 

OLSOA is subject to the same derating with temperature 
as normal FBSOA. The second breakdown derating curve is 
applied to the allowable current at any given voltage, using 
the same procedure that is followed with pulsed FBSOA. 
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MJ10042, MJ10045, MJ10048 


OVERLOAD SAFE OPERATING TEST CIRCUITS 

FIGURE 44 - OVERLOAD SOA TEST CIRCUIT 
TYPE I (OLSOA) 



Notes: 

• VcE = Vcc + Vbe 

• Adjust pulsed current source 

for desired l^, tp 


FIGURE 45 - OVERLOAD SOA TEST CIRCUIT 
TYPE II (OLSOA) 






MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


PNP 

NPN 

MJllOll 

MJ11012 

MJ11013 

MJ11014 

MJ11015 

MJ11016 


HIGH-CURRENT COMPLEMENTARY 
SILICON TRANSISTORS 

. . . for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain - hpg = 1000 (Min) @ Iq = 20 Adc 


30 AMPERE 


DARLINGTON 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 


• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistor 

• Junction Temperature to +200°C 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ11011 

MJ11012 

MJ11013 

MJ11014 

MJ11015 

MJ11016 

Unit 

Collector-Emitter Voltage 

'^CEO 

60 

90 

120 

Vdc 

Collector Base Voltage 

VCB 

60 

90 

120 

Vdc 

Emitter-Base Voltage 

^EB 

5 

Vdc 

Collector Current 

'c 

30 

Adc 

Base Current 

'b 

1 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C @ Tq = 100°C 

Bd 

200 

1.15 

Watts 

W/OC 

Operating and Storage Junction 
Temperature Range 

TjTstg 

-55 to +200 

^C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rojc 

0.87 

°C/W 

Maximum Lead Temperature for 
Soldering Purposes for < 10 Seconds. 

Tl 

275 

°c 




60-120 VOLTS 
200 WATTS 



NOTES: 

1. DIAMETER V AND SURFACE W ARE DATUMS. 

2. POSITIONAL TOLERANCE FOR HOLE Q: 
l-fl <^0.25 (0.010) ®| W| 

3. POSITIONAL TOLERANCE FOR LEADS : 
|>Uo.30(0.012!(g)|\iv|v(g)|Q®| 


STYLE 1: 

PIN 1. BASE 
2. EMIHER 
CASE COLLECTOR 


DIM 

MILUN 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

— 

1.550 

B 

_ 

21,08 

_ 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

nz 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0,480 

Q 

3.81 

4.19 

0,151 

0.165 

R 

— 

26.67 

_ 

1,050 

U 

2.54 

3.05 

0.100 

0.120 

V 

3.81 

4.19 

0.151 

0.165 


CASE 1-04 
TO-204AA 
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V, VOLTAGE (VOLTS) CURRENT GAIN 


PNP MJIIOIIf, MJ11013, MJ11015 
NPN IVIJ11012, MJ11014, MJ11016 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

L - Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage! 1) 

dc = lOOmAdc, Ib =0) MJ1 101 1 .MJIIOI 2 


Collector Emitter Leakage Current 
(Vqe = 60 Vdc, Rbe ^ 1 ^ ohm) 
(VcE = 90 Vdc, Rbe = ’ °^’rn> 

(VcE = 120 Vdc, Rbe = 1 ^ 

(VcE = 60 Vdc, Rbe " '' ^ 

Tc » 150°C) 

(VcE = 90 Vdc, Rbe " 1 ^ ohm, 

Tc = 150°C) 

(VcE = 120 Vdc, Rbe " 1 kohm, 

Tc = 150°C) 

Emitter Cutoff Current 

(Vbe - 5Vdc,lc =0) 

Collector-Emitter Leakage Current 

(VCE = 50 Vdc, Ib = 0) 

ON CHARACTERISTICSd) 

DC Current Gain 

(IC = 20 Adc, VcE = 5 Vdc) 

(IC = 30 Adc, VcE = 5 Vdc) 
Collector-Emitter Saturation Voltage 
dc = 20 Adc, Ib = 200 mAdc) 
dc = 30 Adc, Ib = 300 mAdc) 
Base-Emitter Saturation Voltage 
IC = 20 Adc, Ib = 200 mAdc) 

IC = 30 Adc, Ib = 300 mAdc) 
DYNAMIC CHARACTERISTICS 


MJ1 1011, MJIIOI 2 
MJ11013,MJ11014 
MJ11015,MJ11016 

MJ11011,MJ11012 

MJ11013,MJ11014 

MJ11016,MJ11016 

MJ11011,MJ11012 

MJ11013,MJ11014 

MJ11015,MJ11016 


I 


Magnitude of Common Emitter Small-Signal Short-Circuit 


4 


MHz 


Forward Current Transfer Ratio 






dc = 10 Adc, VcE = 3 Vdc, f = 1 MHz) 







(1 ) Pulse Test . Pulse Width < 300 ijs. Duty Cycle < 2.0%. 

FIGURE 2 - DC CURRENT GAIN (1) 


FIGURE 3 - SMALL-SIGNAL CURRENT GAIN 


I PNPMJ11011,MJ11013,MJ11015 

20 kh NPN Mjn012,MJ11014,MJn016" 


==t=t:=:=^=P^^ 


PNPMJ11011,IVIJ11013,IV1J11015 

NPN MJ11012,IV1J11014,MJ11016 


0.3 0.5 0.7 1 2 3 5 7 10 

IC, COLLECTOR CURRENT (AMP) 

FIGURE 4 - "ON" VOLTAGES (1) 
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BONDING WIRE LIMITATION 


THERMAL LIMITATION @ Tc = 250C 








MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


PNP 

NPN 

MJ11017 

MJ11018 

MJ11019 

IVIJ11020 

MJ11021 

MJ11022 


COMPLEMENTARY DARLINGTON 
SILICON POWER TRANSISTORS 

. . . designed for use as general purpose amplifiers, low frequency 
switching and motor control applications. 

• High dc Current Gain @ 1 0 Adc — hpg = 400 Min (All Types) 

• Collector-Emitter Sustaining Voltage 

VcEO(sus) = 1 50 Vdc (Min) — MJ1 1 01 8, 1 7 
= 200 Vdc (Min) — MJ1 1 020, 1 9 
= 250 Vdc (Min) — MJ1 1 022, 21 

• Low Collector-Emitter Saturation 

VcE(sat) = 1 .0 V (Typ) @ Ic = 5.0 A 
= 1 .8 V (Typ) @ Ic = 1 0 A 

• Monolithic Construction 

• 1 00% SOA Tested @ Vqe = 44 V, Ic = 4.0 A, t = 250 ms. 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ11018 

MJ11017 

MJ 11020 
MJ11019 

MJ11022 

MJ11021 

Unit 

Collector-Emitter Voltage 

VCEO 

150 

200 

250 

Vdc 

Col lector- Base Voltage 

VCB 

150 

200 

250 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — 

•c 


15 


Adc 

Continuous Peak 



30 



Base Current 

■b 

0.5 

Adc 

Total Device Dissipation @ Tq = 25°C 

Pd 


175 


Watts 

Derate Above 25°C 



1.16 


W/°C 

Operating and Storage Junction 

Tj 


-65 to +175 


°C 

Temperature Range 

^stg 


-65 to +200 


°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

PflJC 

0.86 

°C/W 


(1) Pulse Test: Pulse Width 5.0 ms, Duty Cycle ^ 10% 



15 AMPERE 

DARLINGTON 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 

1 50, 200, 250 VOLTS 
175 WATTS 




NOTES: 

1. DIAMETER V AND SURFACE W ARE DATUMS, 

2. POSITIONAL TOLERANCE FOR HOLE Q: 

|>| 0.25 (0.010) ®lw|\r^ 

3. POSITIONAL TOLERANCE FOR LEADS: 

I 4 - U 0.30 (0.012) (g)| w| V ®| Q ®| 


DIM 

MILUN 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 


A 

— 

39.37 

— 

1.550 

B 

_ 

21.08 

— 

0.830 

C 

6.35 

7,62 

0.250 

0.300 

D 

0.97 

1,09 

0.038 

0,043 

E 

1.40 

1,78 

0.055 

0.070 

F 

30,15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0,665 BSC 

K 

11,18 

12,19 

0.440 


Q 

3.81 

4.19 

0.151 

WBm 

R 

_ 

26.67 

— 

1.050 

U 

2.54 

3.05 

0.100 

0.120 

V 

3.81 

4.19 

0.151 

0.165 


CASE 1-04 
TO-204AA 
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PNP MJ11017, MJ11019, MJ11021 
NPN MJ11018, MJ11Q20, MJ11022 


ELECTRICAL CHARACTERISTICS (Tc = 25°C Unless Otherwise Noted) 

Characteristicg | Symbol | Min [ Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

(IC = 0.1 Adc, Ib = 0) MJ11017, MJ11018 

MJl 1019, MJ1 1020 

MJ11021, MJ11022 

VcEO(sus) 

150 

200 

250 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

(VcE = 75, Ib = 0) 

MJ11017, MJ11018 


— 

1.0 


(VcE= 100, Ib = 0) 

MJ11019, MJ11020 


— 

1.0 


(Vce=125, Ib = 0) 

MJ11021, MJ11022 



1.0 


Collector Cutoff Current 


•CEV 



mAdc 

(VcE = Rated Vcb- VBE(off) = 1 5 Vdc) 


— 

0.5 


(VcE = Rated Vcb. VBE(off) = 1 5 Vdc, Tj = 1 50°C) 


— 

5.0 


Emitter Cutoff Current 


•ebo 

— 

2.0 

mAdc 

(Vbe = 5 0 Vdc, Ic = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 
(IC= 10 Adc, VcE = 5.0Vdc) 

{IC= 15 Adc, VcE = 5.0Vdc) 


400 

100 

1 5,000 


Collector-Emitter Saturation Voltage 





(IC= 10 Adc, Ib= 100 mA) 


— 



dC = 1 5 Adc, Ib = 1 50 mA) 


— 



Base-Emitter On Voltage 

VBEfon) 

— 

2.8 

Vdc 

IC= 10 A, VcE= 5.0Vdc) 





Base-Emitter Saturation Voltage 

VBE(sat) 

— 

3.8 

Vdc 

(IC= 15 Adc, Ib= 150 mA) 







DYNAMIC CHARACTERISTICS 


Magnitude of Common Emitter Small Signal Short Circuit 

Forward Current Transfer Ratio 
dC = 1 0 Adc, VcE = 3.0 Vdc, f = 1 .0 MHz) 

[hfel 




Output Capacitance 

Oob 



pF 

(VcB= 10 Vdc, Ie = 0, f = 0.1 MHz) 





MJ1 1018, MJ1 1020, MJ1 1022 


— 

400 


MJ11017, MJ11019, MJ11021 


— 

600 


Small-Signal Current Gain 

hfe 

100 

— 

— 

dC = 1 0 Adc, VcE = 3.0 Vdc, f = 1 .0 kHz 






SWITCHING CHARACTERISTICS 


Characteristics 

Symbol 

Typical 

Unit 


PNP 

Delay Time 

(Vcc= 100 V, lc= 10A, iB= 100 mA 
VBE(off) = 5.0 V) (See Figure 2.) 

td 


75 

ns 

Rise Time 

tr 


0.5 

MS 

Storage Time 

Is 

4.4 

2.7 

MS 

Fall Time 

If 

1^5 

2.5 

MS 


(1 )Pulsed Test: Pulse Width = 300 ^s, Duty Cycle ^ 2%. 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 



For NPN test circuit reverse diode and voltage polarities. 
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PNP MJ11017, MJ11019, MJ11021 
NPN MJ11018, MJ11020, MJ11022 


FIGURE 3 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 4 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA (FBSOA) 



FORWARD BIAS 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second break- 
down. Safe operating area curves indicate Ic VCE limits of the 
transistor that must be observed for reliable operation; i.e., 
the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The data of Figure 4 is based on Tj(pk) = 1 75°C; Tc is vari- 
able depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj(pk)^ 1 75°C. Tj(pk) 
may be calculated from the data in Figure 3. At high case tem- 
peratures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by 
second breakdown. 


FIGURE 5 - MAXIMUM RBSOA. REVERSE BIAS 



0 20 60 100 140 180 220 260 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


REVERSE BIAS 

For inductive loads, high voltage and high current must be 
sustained simultaneously during turn-off, in most cases, with 
the base to emitter junction reverse biased. Under these con- 
ditions the collector voltage must be held to a safe level at or 
below a specific value of collector current. This can be accom- 
plished by several means such as active clamping, RC snub- 
bing, load line shaping, etc. The safe level for these devices is 
specified as Reverse Bias Safe Operating Area and represents 
the voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 5 gives 
RBSOA characteristics. 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


HIGH-CURRENT COMPLEMENTARY 
SILICON TRANSISTORS 

... for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain - hpE = 1000 (Min) @ Iq = 25 Adc 

hpE 400 (Min) @ Iq = 50 Adc 

• Curves to 100 A (Pulsed) 

• Diode Protection to Rated Iq 

• Monolithic Construction with Built-In Base-Emitter Shunt Resistor 

• Junction Temperature to +200°C 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ11028 

MJ11029 

MJ11030 

MJ11031 

MJ11032 

MJ1 1033 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

90 

120 

Vdc 

Collector-Base Voltage 

VCB 

60 

90 

120 

Vdc 

Emitter-Base Voltage 

Veb 

5 

Vdc 

Collector Current— Continuous 

Peak 

'C 

'CM 

50 

100 

Adc 

Base Current— Continuous 

•b 

2 

Adc 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C @ Tq = 100°C 

Pd 

300 

1.71 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj- Tstg 

-55 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Maximum Lead Temperature for 

Soldering Purposes for < 10 seconds 

Tl 

275 

OC 

Thermal Resistance Junction to Case 

R0JC 

0.584 

oc 

1 



NPN 

PNP 

MJ11028 

MJ11029 

MJ11030 

IVIJ11031 

MJ11032 

IVU11033 


50 AMPERE 

COMPLEMENTARY SILICON 
DARLINGTON 
POWER TRANSISTOR 

60-120 VOLTS 
300 WATTS 





r 

n 1 ' 

rT 

/- 

SEATING V 

PLANE 



i 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 


DIM 

MILLIN 

ETERS 


MIN 

MAX 

MIN 

M7TV1 

A 

38.35 

39.37 

1.510 

liffi 

B 

19.30 

21.08 

0.760 


C 

6.35 

7.62 

0.250 


D 

1.45 

1.60 

0.057 


E 

- 

3.43 

- 

■ilKL-t 

F 

29.90 

30.40 

1.177 


G 

10.67 

11.18 

0.420 ' 


H 

5.21 

5.72 

"OoT 

mwfim 

J 

16.64 

17.15 

0.?55 

SMI 

K 

11.18 

12.19 

0.440 


Q 

3.84 

4.09 

0.151 

inlidA 

R 

24.89 

26.67 

0.980 

lUMl 


CASE 197-01 


3 
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NPN MJ11028, MJ11030, MJ11032 
PNP MJ11029, MJ11031, MJ11033 


ELECTRICAL CHARACTERISTICS {Jq = 25°C unless otherwise noted.) 

I Characteristic j Symbol | Min j Max ) Unit' 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(IC = 100 mAdc, Ib = 0) MJ11028 MJ11029 

MJ1 1030 MJ1 1031 
MJ11032 MJ11033 

''(BR)CEO 

60 

90 

120 

- 

Vdc 

Collector-Emitter Leakage Current 

•CER 



mAdc 

(VcE = 60 Vdc, RbE = 1 k ohm) MJ1 1028 MJ1 1029 


■ - 

2 


(VcE = 90 Vdc, RbE = 1 k ohm) MJ1 1030 MJ1 1031 


- 

2 


(VcE = 120 Vdc, Rbe = 1 kohm) MJ11032 MJ11033 


- 

2 


(VcE = 60 Vdc, Rbe = 1 k ohm,Tc = 150°C) MJ11028 MJ11029 


- 

10 


(VcE = 90 Vdc, Rbe = 1 k ohm,Tc = 150°C) MJ11030 MJ11031 


- 

10 


(VcE = 120 Vdc, Rbe = 1 k ohm, Tc = 150°C) MJ11032 MJ11033 


- 

10 


Emitter Cutoff Current 

•ebo 

- 

5 

mAdc 

(Vbe =5 Vdc, Ic =0) 





Collector-Emitter Leakage Current 

•CEO 

- 

2 

mAdc 

(VcE = 50 Vdc, 1 b =0) 






ON CHARACTERISTICS (1 ) 


DC Current Gain 

(Ic = 25 Adc, VcE = 5 Vdc) 

He = 50 Adc, VcE ~ 5 Vdc) 

hFE 

1 k 

400 

18 k 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dc = 25 Adc, 1 b = 250 mAdc) 


- 

2.5 


dc = 50 Adc, 1 b = 500 mAdc) 


- 

3.5 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dc = 25 Adc, Ib = 200 mAdc) 


- 

3.0 


dc = 50 Adc, Ib = 300 mAdc) 


- 

4.5 



(1 ) Pulse Test : Pulse Width < 300 jus. Duty Cycle < 2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 



FIGURE 3 - DC CURRENT GAIN 



There are two limitations oh the power-handling ability 
of a transistor: average junction temperature and second break- 
down. Safe operating area curves indicate limits of the 

transistor that must be observed for reliable operation, i.e., 
the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The data of Figure 2 is based on Tj(pk) = 200°C; Tq is 
variable depending on conditions. At high case temperatures, 
thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second break- 
down. 


FIGURE 4 - “ON" VOLTAGE 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJ12002 


HORIZONTAL DEFLECTION TRANSISTOR 

. . . specifically designed for use in large screen color deflection 
circuits. 

• Collector-Emitter Voltage — 

VCEX = 1500 Volts 

• Glassivated Base-Collector Junction 

• Forward Bias Safe Operating Area @ 50 ps = 15 A, 300 V 

• Switching Times with inductive Loads — 

tf = 0.65 ps (Typ) @ Iq = 2.0 A 



Oti'isiyiic'!-)-; I3ata Sheet 


2.5 AMPERE 
NPN SILICON 
POWER TRANSISTOR 

1500 VOLTS 
75 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 


Total Power Dissipation @ Tq = 25°C 
@Tc = IOQOC 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 
I Characteristic 


Thermal Resistance, Junction to Case 


Maximum Lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds 
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MJ12002 


ELECTRICAL CHARACTERISTICS (Tq = 25®C unless otherwise noted) 


Characterirtic | Symbol | Min | Typ j Max | Unit ' | 

OFF CHARACTERISTICS <1) 


Collector-Emitter Sustaining Voltage 
(Iq = 50 mAdc, Ig = 0) 

VCEO(sus) 

750 


- 

Vdc 

Collector Cutoff Current 

(VcE = 1500 Vdc. Vbe = 0) 

•CES 

— 

- 

1.0 

mAdc 

Emitter Cutoff Current 
(Vbe = 5.0 Vdc. ic = 0) 

iebo 

. ~ 

~ 

0.1 

mAdc 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(IC*2.0 Adc,*lB* 1.8 Adc) 

■HUH 

- 

- 

5.0 


Base-Emitter Saturation Voltage 
(lc = 2.0Adc, lB = 1.8Adc) 


— 

- 

1.5 


Second Breakdown Collector Current with 
Base-Forward Biased 

•S/B 


See Figure 14 


- 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) 

Cob 

- 

50 

- 

PF 

Current Gain — Bandwidth Product (1) 

dc = 0.1 Adc, VcE = 5.0 Vdc, ftest = 1 0 MHz) 

It 

— 

4.0 

- ■ 

MHz 


SWITCHING CHARACTERISTICS 


Fall Time 

tf 




MS 

(IC = 2.0 Adc, Ibi = 1.0 Adc, 

Lb = 1 2 mH, See Figure 1 ) 


- 

0.65 

1.0 



(1) Pulse Test: Pulse Width < 300 ms. Duty Cycle = 2%. 


Figure 1. Switching Times Test Circuit 


Com 



•c 

L 

C 

0.75 A 

4.25 mH 

.003 mF 

1.5 

2.18 mH 

.006 mF 

2.0 

1.6 mH 

.008 mF 


• Ferrox cube pot core #4229P-L00-3C8 

• Adjust gap for primary inductance Lp = 70 mH (approximately 5 mil spacer) 

• Primary 230T #28 AWG |5 layers) 

• Secondary 15T #22 AWG (1 layer) 

• Secondary leakage inductance should be less than 3 mH 

• Use 3 mil mylar tape between each winding layer 
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MJ12002 


BASE DRIVE: The Key to Performance 

By now, the concept of controlling the shape of the 
turn-off base current is widely accepted and applied in 
horizontal deflection design. The problem stems from the 
fact that good saturation of the output device, prior to 
turn-off, must be assured. This is accomplished by pro- 
viding more than enough Iqi to satisfy the lowest gain 
output device hpg at the end of scan IcM- Worst case 
component variations and maximum high voltage loading 
must also be taken into account. 

If the base of the output transistor is driven by a very 
low impedance source, the turn-off base current will re- 
verse very quickly as shown in Figure 2. This results In 
rapid, but only partial, collector turn-off, because excess 
carriers become trapped in the high resistivity collector 
and the transistor is still conductive. This is a high dissipa- 
tion mode, since the collector voltage is rising very rapidly. 
The problem is overcome by adding inductance to the 
base circuit to slow the base current reversal as shown in 
Figure 3, thus allowing excess carrier recombination In the 
collector to occur while the base current is still flowing. 

Choosing the right Lb is usually done empirically, since 
the equivalent circuit is complex, and since there are 
several important variables dcM' and hpB at Iqm)- 
One method is to plot fall time as a function of Lb, at the 
desired conditions, for several devices within the hpE 
specification. A more Informative method is to plot power 
dissipation versus Ibi for a range of values of Lb as shown 


in Figures 4 and 5. This shows the parameter that really 
matters, dissipation, whether caused by switching or by 
saturation. The negative slope of these curves at the left 
(low Ibi) is caused by saturation losses. The positive 
slope portion at higher Ibi , and low values of Lb is due to 
switching losses as described above. Note that for very low 
Lb a very narrow optimum is obtained. This occurs when 
•b 1 *^FE ~ 3nd therefore would be acceptable only 
for the "typical" device with constant IcM- As Lb is In- 
creased, the curves become broader and flatter above the 
•b 1 •^FE ICM point as the turn-off "tails" are brought 
under control. Eventually, if Lb is raised too far, the 
dissipation all across the curve will rise, due to poor 
initiation of switching rather than tailing. Plotting this 
type of curve family for devices of different hpE* essen- 
tially moves the curves to the left or right according to the 
relation Ibi hpE = constant. It then becomes obvious 
that, for a specified IqM' ^B chosen which will 
give low dissipation over a range of hpE and/or iBi-The 
only remaining decision is to pick Ibi high enough to 
accommodate the lowest hpE Part specified. Figure 8 
gives values recommended for Lb and Ibi for this device 
over a wide range of IcM- These values were chosen from 
a large number of curves like Figure 4 and Figure 5. 
Neither Lb nor Ibi are absolutely critical, as can be seen 
from the examples shown, and values of Figure 8 are pro- 
vided for guidance only. 


TEST CIRCUIT WAVEFORMS 


FIGURE 2 


FIGURE 3 



(time) (time) 


TEST CIRCUIT OPTIMIZATION 


The test circuit may be used to evaluate devices in the con- 
ventional manner, i.e., to measure fall time, storage time, and 
saturation voltage. However, this circuit was designed to evaluate 
devices by a simple criterion, power supply input. Excessive 
power input can be caused by a variety of problems, but it is the 
dissipation In the transistor that is of fundamental importance. 


Once the required transistor operating current is determined, 
fixed circuit values may be selected from the table. Factory test- 
ing is performed by reading the current meter only, since the 
input power is proportional to current. No adjustment of the 
test apparatus is required. 
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1, INPUT POWER (WATTS) Pin, INPUT POWER (WATTS) 


MJ12002 


FIGURE 4 - OPTIMIZING DRIVE @ Ic = 0.75 A 


FIGURE 5 - OPTIMIZING DRIVE @ Iq » 1.5 A 
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IBI, BASE CURRENT (AMP) 


IBI.BASE current (AMP) 


FIGURE 6 - OPTIMIZING DRIVE @ Iq » 2.0 A 


FIGURE 7 - SWITCHING BEHAVIOR versus 

temperature 
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IBI.BASE current (AMP) 


Tc, CASE temperature (“C) 


FIGURE 8 - OPTIMUM DRIVE CONDITIONS 


FIGURE 9 - SWITCHING BEHAVIOR versus Iqm 


ICM. COLLECTOR CURRENT (AMP) 


ICM. COLLECTOR CURRENT (AMP) 






















MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJ12003 



HORIZONTAL DEFLECTION TRANSISTOR 

. . . specifically designed for use in CRT deflection circuits. 

• Collector-Emitter Voltage — Vqex ~ 1500 Volts 

• Glassivated Base-Collector Junction 

• Forward Bias Safe Operating Area @ 50 /is = 20 A, 300 V 

• SwitchingTimeswithInductiveLoads — 

tf = 0.5 /us (Typ) @ Ic = 3.0 A 


NPN SILICON 
POWER TRANSISTOR 

1500 VOLTS 
100 WATTS 



MAXIMUM RATINGS 


Rating 

1 Symbol 

Collector-Emitter Voltage 



Collector-Emitter Voltage 


Emitter-Base Voltage 


Emitter Current — Continuous 
Total Power Dissipation @ Tq = 25°C 
Tc = 100°C 

Derate above 25°C 

I Operating and Storage Junction Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 
Maximum Lead Temperature for Soldering Purposes 
1/8” from Case for 5 Seconds 



/.U 

100 

40 

0.8 

-65 to -F 1 50 



STYLE 1: 

PIN 1.BASE 
2. EMITTER 
CASE-COLLECTOR 




FIGURE 1 - TEST CIRCUIT 


PULSE WIDTH ADJ 
50% DUTY CYCLE 


130 . 

0.5 w; 


Com 

Ik/SW J 

JH-60V 

, IOmFIOOV 
: 15,750 Ha? 

FREQ ADJ 

L* 

\i \ 

|1N5348 0.1 3 

1 i " )M 

J1006W 
[~|31c«W 
^ T1 





Urn 1 • 1 


yi' 


*05VV ,500. 

[ j L 


15l(> 


2w ; 



?6000 pF 



* ^ "l' > 

^2.2k fia 




*10/tFp ? 

5 «■* I' 




25V 

jik 8 r 



Lwv— — Ki 

/IPS-U04 1 

V 1 

MC1391 




jl.8l( 

- 

t^360pF 




NOTES: 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. GiD IS SEATING PLANE AND DATUM 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE 0: 

I » [ ».13 (0.005)0 I T I V©~| 

FOR LEADS: 

I ■» I $.13 (0.005) ©T I V® I Q( 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 

I MILLIMETERS I INCHES ~ 
DIM ' MIN MAX ~ MIN MaY~ 

A - 39.37 - 1,550 

B 21.08 - 0.830 


DRIVER TRANSFORMER (T1) 

• Ferrox cube pot core #4229P-L00-3C8 

• Adjust gap for primary inductance lp=70 mH {approximately 5 mil spacer) 

• Primary 230T #28 AWG (5 layers) 

• Secondary 15T #22 AWG (1 layer) 

• Seconder/ laaliage Inductance stiould be less than 3 /uH 

• Use 3 mil mylar tape between each winding layer 


c 

B3S 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.1 

BSC 

1.18 

BSC 

G 

10.9 

BSC 

0.43£ 

BSC 

H 

5.4t 

iBSC 

0.21E 

iBSC 

J 

16.8‘ 

)BSC 

0.66f 

iBSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 

- 

1.050 


4.83 I S.33T0.190| 0.210 
"3.811 4.T9 I 0.150 1 0.165~ 

CASE 1-05 
TO-204AA 
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ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic J Symbol ] Min | Typ | Max | Unit j 

OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 
dc = 50 mAdc, Ib = 0) 

VcEO(sus) 

750 

- 

- 

Vdc 

Collector Cutoff Current 

(VcE = 1500 Vdc, Vbe = 0) 

•CES 


— 

1.0 

umi 

Emitter Cutoff Current 
(Vbe = 5.0 Vdc. Ic = 0) 

•ebo 


~ 

1.0 

mAdc 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
dc = 3.0 Adc, Ib = 1-2 Add 

VcE(sat) 

- 

- 

5.0 

Vdc 

Base-Emitter Saturation Voltage 
dc = 3.0 Adc, Ib = 1-2 Adc) 

VBE(sat) 

— 


1.5 

Vdc 

Second Breakdown Collector Current with Base Forward Biased 

•s/b 

See Figure 5 

- 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

dc = 0.1 Adc, VcE = 5.0 Vdc, ftest = 1 0 MHz) 

It 

- 

4 

- 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ig = 0, f = 0.1 MHz) 

Oob 


90 

— 

pF 


SWITCHING CHARACTERISTICS 


Fall Time 

tf 

- 

0.5 

1.0 

MS 

dc ” 3 0 Adc, IbI ■ 1 2 Adc, Lb = 8.0 mH, See Figure 1 ) 







(1 ) Pulse Test: Pulse Width < 300 ms, Duty Cycle = 2%. 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 5.0 

IC, COLLECTOR CURRENT (AMP) 



IC, COLLECTOR CURRENT (AMP) 


FIGURE 4 - "ON” VOLTAGES 



IC, COLLECTOR CURRENT (AMP) 


FIGURE 5 - MAXIMUM FORWARD BIAS 



1.0 2.0 5.0 10 20 50 100 200 500 1000 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

NOTE; 

There are two limitations on the power handling ability of a transistor; average junction tempera- 
ture and second breakdown. Safe operating area curves indicate Ic - VcE liffits of the transistor 
that must be observed for reliable operation; i.e., the transistor must not be subjected to greater 
dissipation than the curves indicate. 

The 50 ta and 1 ms curves are beyond the thermal limits of this part. However, the parts will 
survive a transient that remains within these SB limits without failing. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJ12004 

MJH12004 


Deisi|2rnei*s Data Slueet 


I 


5.0 AMPERE 


HORIZONTAL DEFLECTION TRANSISTOR 


NPN SILICON 
POWER TRANSISTORS 


. . . specifically designed for use in large screen color deflection 
circuits. 


1500 VOLTS 
1 00 WATTS 


• Collector-Emitter Voltage - = 1500 Vdc 

• Glassivated Base-Collector Junction 

• Safe Operating Area @ 50 )us = 20 A, 400 V 

• SwitchingTimeswithInductiveLoads — 

tf = 0.4 jUS (Typ) @ Iq = 4.5 A 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

750 

Vdc 

Collector-Emitter Voltage 

VCEX 

1500 

Vdc 

Emitter Base Voltage 

veb 

5.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

Base Current — Continuous 

>B 

4.0 

Adc 

Emitter Current — Continuous 

'E 

9.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

Pd 

100 

Watts 

@Tc=100°C 


40 


Derate above 25°C 


0.8 

W/°C 

Operating and Storage Junction 

^J'^stg 

-65 to -H 50 

°C 


Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

1.25 

°C/W 

Maximum Lead Temperature for Soldering 

Tl 

275 

°c 


Purposes: 1 /8" from Case for 5 Seconds 





STYLE 1: 

PIN 1. BASE 
2. EMinER 
CASE COLLECTOR 


NOTES: 

1. DIMENSIONS 0 AND V ARE DATUMS. 

MH-UMETE Rn iji cHES ^ 'S SEATING PLANE AND DATUM, 

MIN MAX MSn ' MAX 3. POSITIONAL TOLERANCE FOR MO UNTING HOLE 0: 
39.37 - ~T550 l-fl 0.13(0.005)® I t|v®| 

21.08 - 0.830 FOR LEADS: 

i:35 m — 0250 — yoo. | -f 1 0 . 1310 , 005 ) @ t| v®|o(^ 

^ 4, DIMENSIONS AND TOLERANCES PER ANSI Y14.5, 



CASE 1-05 
TO-204AA 



STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


Designer's Data for "Worst Case" Conditions 

The Designer's Data Sheet permits the design of most circuits entirely from the 
information presented. Limit data — representing device characteristics boundaries — are 
given to facilitate "worst case" design. 


15.49 15.90 0.610 0.626 

4.19 5.08 0.165 0.200 

1.02 1.65 0.040 0.065 


12.70 15.49 0.500 0.610 

15.88 16.51 0.625 0.650 

12.19 12.70 0.480 0.500 

4.04 4.22 0.159 0.166 


CASE 340-01 
TO-218AC 
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MJ 12004, MJH 12004 


ELECTRICAL CHARACTERISTICS (Tq = 25^ unless otherwise noted.) 


I Characteristic ~j Symbol | Min | Typ | Max | Unit | 

OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 
dc * 50 mAdc, Ib = 0) 

VcEO(sus) 

750 

- 

- . 

Vdc 

Collector Cutoff Current 

(VcE = 1500 Vdc, Vbe =0) 

•CES 

~ 

,| 

1.0 

mAdc 

Emitter Cutoff Current 
(Vbe = 5.0 Vdc, Ic = 0) 

•ebo 

~ 


1.0 

mAdc 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
dc = 4.5 Adc, Ib = 1-8 Adc) 
dc = 3.5 Adc, Ib = 1.5 Adc) 

VCE(sat) 

- 

- 

5.0 

5.0 

Vdc 

Base Emitter Saturation Voltage 
dc = 4.5 Adc, Ib = 1 5 Adc) 
dc = 3.5 Adc, Ib = 1.5 Adc) 

VBE(sat) 

- 

- 

1.5 

1.5 

Vdc 

Second Breakdown Collector Current with Base 

Forward Biased 

•s/b 

See Figure 14 


DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product 

dc = 0.1 Adc, VcE = 5.0 Vdc, ftest = 1 MHz) 

fT 

- 

4 

- 

MHz 

Output Gepacitance 

(VcB = 10 Vdc, Ig = 0, f = 0.1 MHz) 

Cob 

■ - 

125 

- 

PF 


SWITCHING CHARACTERISTICS 


Fall Time Tc = 25°C 

tf 

_ 

0.4 

1.0 

MS 

dc = 4.5 Adc, Ibi = 1.8 Adc, Tc = lOO^C 


- 

0.6 

‘ - 


Lg = 8.0 mH, See Figure 1 ) 

^ 1 



1 



(1 ) Pulse Test: Pulse Width < 300 ns. Duty Cycle = 2%. 


Figure 1. Switching Times Test Circuit 


PULSE WIDTH ADJ 
50% DUTY CYCLE 




ic 



MR918 I 
(SELECTED JL 
1500 V) T 


'c 

A 

L 

mH 

C 

MF 

3.5 

0.87 

0.013 

4.5 

0.67 

0.017 


DRIVER TRANSFORMER (T1) 

• Ferrox cube pot core #4229P-L00-3C8 

• Adjust gap for primary inductance Lp = 70 mH (approximately 5 mil spacer) 

• Primary 230T #28 AWG (5 layers) 

• Secondary 15T #22 AWG (1 layer) 

• Secondary leakage inductance should be less than 3 /u,H 

• Use 3 mil mylar tape between each winding layer 



10 

5W ? 

O O 

COM +125V 
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MJ12004, MJH 12004 


BASE DRIVE: The Key to Performance 

By now, the concept of controlling the shape of the 
turn-off base current is widely accepted and applied in 
horizontal deflection design. The problem stems from 
the fact that good saturation of the output device, prior 
to turn-off, must be assured. This is accomplished by 
providing more than enough |0-| to satisfy the lowest gain 
output device hpg at the end of scan Iq[^, Worst-case 
component variations and maximum high voltage loading 
must also be taken into account. 

If the base of the output transistor is driven by a very 
low impedance source, the turn-off base current will re- 
verse very quickly as shown in Figure 2, This results in 
rapid, but only partial, collector turn-off, because excess 
carriers become trapped in the high resistivity collector 
and the transistor is still conductive. This is a high dissipa- 
tion mode, since the collector voltage is rising very rapidly. 
The problem is overcome by adding inductance to the 
base circuit to slow the base current reversal as shown in 
Figure 3, thus allowing excess carrier recombination in the 
collector to occur while the base current is still flowing. 

Choosing the right Lg is usually done empirically, since 
the equivalent circuit is complex, and since there are 
several important variables dcM' *B1' ^FE IcM^- 
One method is to plot fall time as a function of Lg, at the 
desired conditions, for several devices within the hpg 
specification, A more informative method is to plot power 
dissipation versus Ig^ for a range of values of Lg as shown 


in Figures 4 and 5. This shows the parameter that really 
matters, dissipation, whether caused by switching or by 
saturation. The negative slope of these curves at the left 
(low Ig-i) is caused by saturation losses. The positive slope 
portion at higher Ig^, and low values of Lg is due to 
switching losses as described above. Note that for very low 
Lg a very narrow optimum is obtained. This occurs when 
*B1 ^FE " *CM' therefore would be acceptable only 
for the "typical" device with constant lQ(y/|. As Lg is in- 
creased, the curves become broader and flatter above the 
*B1 *^FE *CM the turn-off "tails" are brought 

under control. Eventually, if Lb is raised too far, the 
dissipation all across the curve will rise, due to poor 
initiation of switching rather than tailing. Plotting this 
type of curve family for devices of different hpg, essen- 
tially moves the curves to the left or right according to the 
relation lgi hpp = constant. It then becomes obvious 
that, for a specified Iq|\/|, an Lg can be chosen which will 
give low dissipation over a range of hpp and/or Ig-j. The 
only remaining decision is to pick Ig-j high enough to 
accommodate the lowest hpp part specified. Figure 8 
gives values recommended for Lg and lgi for this device 
over a wide range of lQ(y|. These values were chosen from 
a large number of curves like Figure 4 and Figure 5. 
Neither Lg nor lgi are absolutely critical, as can be seen 
from the examples shown, and values of Figure 8 are 
provided for guidance only. 


FIGURE 2 


TEST CIRCUIT WAVEFORMS 


FIGURE 3 


(time) 


(time) 



TEST CIRCUIT OPTIMIZATION 


The test circuit may be used to evaluate devices in the con- 
ventional manner, i.e., to measure fall time, storage time, and 
saturation voltage. However, this circuit was designed to evaluate 
devices by a simple criterion, power supply input. Excessive 
power input can be caused by a variety of problems, but it is thel 
dissipation in the transistor that is of fundamental importance. 


Once the required transistor operating current is determined, 
fixed circuit values may be selected from the table. Factory test- 
ing is performed by reading the current meter only, since the 
input power is proportional to current. No adjustment of the 
test apparatus is required. 
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If .FALL TIME Oil) Pjn. INPUT TOWER (WATTS) 


MJ12004, MJH12004 



Ic , COLLECTOR CURRENT (AMP) 


IC , COLLECTOR CURRENT (AMP) 


STORAGE TIME (ms) h' STORAGE TIME (ms) 











VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) hPE. DC CURRENT GAIN 


MJ12004, MJH12004 


TYPICAL ELECTRICAL CHARACTERISTICS 


SAFE OPERATING AREA INFORMATION 



0.05 0 07 0.1 0.2 0.3 0.5 0.7 1 2 3 5 

IC, COLLECTOR CURRENT (AMP) 


FIGURE 11 — MAXIMUM RATED FORWARD 
BIAS SAFE OPERATING AREA 



VcE, COLLECTOR-EMinER VOLTAGE (VOLTS) 


FIGURE 12 - COLLECTOR SATURATION REGION 



la, BASE CURRENT (AMP) 


NOTE: 

There are two limitations on the power handling ability 
of a transistor; average junction temperature and second 
breakdown. Safe operating area curves indicate Iq — V cE 
limits of the transistor must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The 50 jus SB curve is beyond the thermal limits of this 
part. However, the parts will survive a transient that 
remains within these SB limits without failing. 


FIGURE 13- "ON ' VOLTAGES 
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MJ12004, MJH12004 


THERMAL RESPONSE 


FIGURE 14 - MJ12004 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 


t, TIME (ms) 


FIGURE 15 - IVIJH12004 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJ12005 


HORIZONTAL DEFLECTION TRANSISTOR 

. . . specifically designed for use in deflection circuits. 

• VcEX = 1500 V 

• Glassivated Base-Collector Junction 

• Safe Operating Area @ 50 jUs = 20 A, 400 V 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VcEX 

1500 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

•c 

8.0 

Adc 

Base Current — Continuous 

'b 

4.0 

Adc 

Emitter Current — Continuous 

lE 

12 

Adc 

Total Power Dissipation @ Tq = 25°C 

Pd 

100 

Watts 

Derate above 25°C 


0.8 

W/^C 

Operating and Storage Junction 
Temperature Range 

Tj- Tstg 

-65 to + 150 

°C 


THERMAL CHARACTERISTICS 



8 AMPERE 

NPN SILICON 
POWER TRANSISTOR 

1500 VOLTS 
100 WATTS 




NOTES: 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. |T] IS SEATING PLANE AND DATUM, 

3. POSITIONAL TOLERANCE FOR MO UNTING HOLE Q: 
l-fl 0.13(0,0051® I T|v(M)1 

FOR LEADS: 

I -$-1 0.13(0.005) ® t| V ®|q ®| 

4. DIMENSIONS AND TOLERANCES PER ANSI Y14,5, 
1973. 


DIM 

MILLIN 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

_ 

1.550 

B 

_ 

21,08 

_ 

0.830 

C 

6.35 

7.62 

0,250 

0.300 

0 

0.97 

1.09 

0,038 


E 

1.40 

1.78 

0.055 

0.070 

F 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

K 

11,18 

12.19 

0.440 

0.480 


3,81 

4,19 

0.151 

0.165 

R 

— 

26.67 

_ 

1.050 

U 

4.83 

5.33 

0,190 

0.210 

_JU 

3.81 

4.19 

0.151 

0.165 


CASE 1-05 
TO-204AA 
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MJ 12005 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(Vc = 50 mAdc, Ib = 0) 

VcEOsus) 

750 

- 

- 

Vdc 

Collector Cutoff Current 

IVcE = 1500 Vdc, Vbe = 0) 

'CES 

- 

- 

0.25 

mAdc 

Emitter Cutoff Current 
(Vbe = 5.0 Vdc, ic = 0) 

•ebo 

- 

- 

0.1 

mAdc 

ON CHARACTERISTICS (1) 

Collector-Emitter Saturation Voltage 
dc = 5.0 Adc, Ib = 1.0 Adc) 

VcE(sat) 

- 

- 

5.0 

Vdc 

Base Emitter Saturation Voltage 
dc = 5.0 Adc, Ib = 1.0 Adc) 

\^BE(sat) 


— 

1,5 

Vdc 

Second Breakdown Collector Current with Base Forward Biased 

•s/b 

- 

- 

See Figure 1 

SWITCHING CHARACTERISTICS 

Fall Time 

dc ~ 5.0 Adc, Ib 1 = 1.0 Adc, Lb = 8.0 ) 

tf 

- 

0.4 

1.0 

lUS 


( 1 ) Pulse Test: Pulse Width *5 300 jus. Duty Cycle = 2%. 



0.1 0.3 0.5 1.0 2.0 5 0 10 

IC. COLLECTOR CURRENT (AMPS 


- SWITCHING TIMES TEST CIRCUIT 

f 60 V 



•c 

A 

L 

mH 

C 

mf 

5.0 

0.575 

0.018 


DRIVER TRANSFORMER (T1) 

• Ferrox cube pot core #4229P-L00-3C8 

• Adjust gap for primary inductance Lp = 70 mH (approximately 5 mil spacer) 

• Primary 230T #28 AWG (5 layers) 

• Secondary 15T #22 AWG (1 layer) 

• Secondary leakage inductance should be less than 3 ixH 

• Use 3 mil mylar tape between each winding layer 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


IVIJ12005D 


I 



3 


Rating 

Symbol 

MJ12005D 

Unit 

Collector-Emitter Voltage 

VCEO 

750 

Vdc 

Collector-Emitter Voltage 

VCEX 

1500 

Vdc 

Emitter Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

ic 

8.0 

Adc 

Base Current — Continuous 

Ib 

4.0 

Adc 

Emitter Current — Continuous 

lE 

12 

Adc 

Total Power Dissipation @ Tc = 25°C 

pd 

100 

Watts 

@ Tc = 100°C 


40 


Derate above 25°C 


0.8 

W/°C 

Operating and Storage Junction 

Tj/Tstg 

-65 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.25 

X/W 

Maximum Lead Temperature for Soldering 
Purposes; 1/8" from Case for 5 Seconds 

Tl 

275 

X 


Designer's Data for "Worst Case" Conditions 
The Designer's Data Sheet permits the design of most circuits entirely from 
the information presented. Limit curves — representing boundaries on device 
characteristics — are given to facilitate "worst case" design. 
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MJ12005D 


ELECTRICAL CHARACTERISTICS {Tq = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 
dC = 50 mAdc, Ib = 0) 

VCEO(sus) 

750 

— 

— 

Vdc 

Collector Cutoff Current 
(VcE = 1500 Vdc, Vbe = 0) 

Ices 

— 

— 

1.0 

mAdc 

Emitter Cutoff Current 
(Vbe = 5.0 Vdc, ic = 0) 

'ebo 

1 

1 

200 

mAdc 


ON CHARACTERISTICS (1) 


Diode Forward Voltage 
(Ip = 8.0 Amps) 

Vf(VEC) 

— 

— 

2,5 

Vdc 

Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

dC = 5.0 Adc, Ib = 1.0 Adc) 


— 

— 

5.0 


dC = 8.0 Adc, Ib = 2.5 Adc) 


— 

— 

5.0 


Base Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 5.0 Adc, Ib = 1.0 Adc) 


— 

— 

1.5 


dC = 8.0 Adc, Ib = 2.5 Adc) 


— 

— 

1.5 


Second Breakdown Collector Current with Base 

i 

IS/b 


See Figure 14 


Forward Biased 

1 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 0.1 Adc, VcE = 5.0 Vdc, ftest = 10 MHz) 



4.0 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) 

Cob 

1 

150 ' 

— 

PF 


SWITCHING CHARACTERISTICS 


Fall Time 

TC = 

25°C 

tf 

— 

0.4 

1.0 

/AS 

dc = 5.0 Adc, 1 bi = 1.5 Adc, 

TC = 

lOOX 


— 

0.6 

— 


Lb = 8.0 /aH, See Figure 1) 









(1) Pulse Test: Pulse Width « 300 fis, Duty Cycle = 2.0%. 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


PULSE WIDTH ADJ 
50% DUTY CYCLE 



Ic 

A 

L 

mH 

C 

/aF 

5.0 

0.57 

0.018 

7.0 

0.45 

0.025 


0 

DRIVER TRANSFORMER (T1) 

• Ferrox cube pot core #4229P-L00-3C8 

• Adjust gap for primary inductance Lp = 70 mH (approximately 5 mil spacer) 

• Primary 230T #28 AWG (5 layers) 

• Secondary 15T #22 AWG (1 layer) 

• Secondary leakage inductance should be less than 3 fxW 

• Use 3 mil mylar tape between each winding layer 


-125 V 
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MJ12005D 


BASE DRIVE: The Key to Performance 

By now, the concept of controlling the shape of the 
turn-off base current is widely accepted and applied in 
horizontal deflection design. The problem stems from 
the fact that good saturation of the output device, prior 
to turn-off, must be assured. This is accomplished by 
providing more than enough I 01 to satisfy the lowest 
gain output device hpE at the end of scan lci\/|. Worst- 
case component variations and maximum high voltage 
loading must also be taken Into account. 

If the base of the output transistor is driven by a very 
low Impedance source, the turn-off base current will 
reverse very quickly as shown in Figure 2. This results 
In rapid, but only partial, collector turn-off, because ex- 
cess carriers become trapped in the high resistivity col- 
lector and the transistor Is still conductive. This Is a high 
dissipation mode, since the collector voltage Is rising 
very rapidly. The problem is overcome by adding in- 
ductance to the base circuit to slow the base current 
reversal as shown in Figure 3, thus allowing excess 
carrier recombination in the collector to occur while the 
base current is still flowing. 

Choosing the right Lg is usually done empirically, 
since the equivalent circuit is complex, and since there 
are several important variables dcM' ^nd hpg at 
•cm)- One method is to plot fall time as a function of 
LB/ at the desired conditions, for several devices within 
the hpE specification. A more informative method is to 
plot power dissipation versus Igi for a range of values 


of Lb as shown in Figures 4 and 5. This shows the 
parameter that really matters, dissipation, whether 
caused by switching or by saturation. The negative 
slope of these curves at the left {low Ibi) is caused by 
saturation losses. The positive slope portion at higher 
Ibi, and low values of Lg is due to switching losses as 
described above. Note that for very low Lg a very nar- 
row optimum is obtained. This occurs when Igt hpE = 
•CM' therefore would be acceptable only for the 
"typical" device with constant Icm- As Lg is increased, 
the curves become broader and flatter above the lg-) 
hPE = ICM point as the turn-off "tails" are brought 
under control. Eventually, If Lg is raised too far, the 
dissipation all across the curve will rise, due to poor 
initiation of switching rather than tailing. Plotting this 
type of curve family for devices of different hpE/ essen- 
tially moves the curves to the left or right according to 
the relation lg-] hpg = constant. It then becomes ob- 
vious that, for a specified Iqivi, an Lg can be chosen 
which will give low dissipation over a range of hp^ and/ 
or Ig-j. The only remaining decision Is to pick lgi high 
enough to accommodate the lowest hpg part specified. 
Figure 8 gives values recommended for Lg and Igi for 
this device over a wide range of IcM- These values were 
chosen from a large number of curves like Figure 4 and 
Figure 5. Neither Lg nor lg-] are absolutely critical, as 
can be seen from the examples shown, and values of 
Figure 8 are provided for guidance only. 


TEST CIRCUIT WAVEFORMS 

FIGURE 2 FIGURE 3 


>8 


•c 


(time) 


(time) 



TEST CIRCUIT OPTIMIZATION 


The test circuit may be used to evaluate devices in 
the conventional manner, i.e., to measure fall time, stor- 
age time, and saturation voltage. However, this circuit 
was designed to evaluate devices by a simple criterion, 
power supply input. Excessive power Input can be 
caused by a variety of problems, but it is the dissipation 
in the transistor that Is of fundamental importance. 


Once the required transistor operating current is deter- 
mined, fixed circuit values may be selected from the 
table. Factory testing is performed by reading the cur- 
rent meter only, since the input power is proportional 
to current. No adjustment of the test apparatus is re- 
quired. 
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5, STORAGE TIME (ms( tj, STORAGE TIME (pis) 




















Ic. COLLECTOR CURRENT (AMP 


FIGURE 14 — MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 



1.0 3.0 5,0 10 30 50 100 300 1000 


VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


NOTE; 

There are two limitations on the power handling abil- 
ity of a transistor; average junction temperature and 
second breakdown. Safe operating area curves indicate 
IC-VcE limits of the transistor must be observed for 
reliable operation; i.e., the transistor must not be sub- 
jected to greater dissipation than the curves indicate. 

The 50 fis SB curve is beyond the thermal limits of 
this part. However, the parts will survive a transient that 
remains within these SB limits without falling. 






MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJ12010 



HORIZONTAL DEFLECTION TRANSISTOR 

. . . specifically designed for use in CRT deflection circuits. 

• Collector-Emitter Voltage — VcEX 950 Volts 

• Glassivated Base-Collector Junction 

• Forward Bias Safe Operating Area @ 50 ms = 30 A, 300 V 

• Switching Times with Inductive Loads — 

tf = 0.5 MS (Typ) @ Ic = 5.0 A 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

IQJQ 

Collector-Emitter Voltage 

VCEO 

400 


Collector-Emitter Voltage 

VcEX 

950 


Emitter-Base Voltage 

VebO 

5.0 


Collector-Current — Continuous 

•c 

10 

IQQ 

Base Current — Continuous 

•b 

5.0 

HQOyi 

Emitter Current — Continuous 

'E 

15 

Adc 

Total Power Dissipation @ Tq = 25°C 


100 

Watts 

Tc=100°C 


40 

Watts 

Derate above 25°C 


0.8 

W/°C 

Operating and Storage Junction Temperature Range 

^J' Tstg 

-65 to +1 50 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R<9JC 

1.25 

°C/W 

Maximum Lead Temperature for Soldering Purposes: 
1/8" from Case for 5 Seconds 

Tl 

275 

°c 



FIGURE 1 - TEST CIRCUIT 


10 AMPERE 

NPN SILICON 
POWER TRANSISTOR 

950 VOLTS 
100 WATTS 




PULSE WIDTH ADJ 
50% DUTY CYCLE 



DRIVER TRANSFORMER (T1) 

• Ferrox cube pot core #4229P-L00-3C8 

• Adjust gap for primary inductance Lp = 70 mH (approximately 5 mil spacer) 

• Primary 230T #28 AWG (5 layers) 

• Secondary 15T #22 AWG (1 layer) 

• Secondary lealcage inductance should be less than 3 Ml 


1. OIMEI^SIONS Q AND V ARE DATUMS. 

2. GEI IS SEATING PLANE AND DATUM. 

3. POSITIDNAL TOLERANCE FOR 
MOUNTING HOLED; 

I ♦ I ».13 (0.005)® I T Iv"®] 

FOR LEADS: 

I 4 I 0.13(0.005) ®T I V® I Q®| 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

B 

- 

21.08 


0.830 

C 

TsT 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.66 

}BSC 

K 

11.18 1 12.19 

0.440 

0.480 

Q 

3.81 4.19 

0.150 

0.165 

R 

26.67 

- 

1.050 

U 

4.83 5.33 

0.190 

0.210 

V 

3.81 1 4.19 

0.150 

0.165 


• Use 3 mil mylar tape between each winding layer 


CASE 1 >05 
TO-204AA 
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V. VOLTAGE (VOLTS) 


MJ12010 



ELECTRICAL CHARACTERISTICS (Tc - 2S°C unless otherwise 


Charact«ristic 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 
(IC = 50mAdc. Ib = 0) 


Collector Cutoff Current 
(VcE = 950 Vdc. Vbe = 0) 


Emitter Cutoff Current 
(Vbe * 5.0 Vdc, ic = 0) 

ON CHARACTERISTICS (1) 










0.2 0.4 U.6 1.0 2.0 4.0 


Ic, COLLECTOR CURRENT (AMP) 


1.0 2.0 4.0 6.0 10 20 40 60 100 200 400 700 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

NOTE: 

There are two limitations on the power handling ability of a transistor: average junction tempera- 
ture and second breakdown. Safe operating area curves indicate Ic - VcE t'niits of the transistor 
that must be observed for reliable operation; i.e., the transistor must not be subjected to greater 
dissipation than the curves indicate. 

The 50 ps and 1 ms curves are beyond the thermal limits of this part. However, the parts will 
survivg a transient that remains within these SB limits without failing. 




































MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


IVU12020 

MJ12021 

MJ12022 


Designer’s Data Sheet 


HIGH PERFORMANCE NPN 
DEFLECTION TRANSISTORS 

These transistors are designed for high resolution video systems, 
such as, high density graphic displays, data terminals, video 
scanners . . . wherever high frequency deflection is required. 

• Fast Turn-Off Times 

• Maximum Storage and Fall Times Specified at 100°C 

• Operating Junction Temperature Range -65®C to +200°C 

• Highfjof 15MHz 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ12020|lVIJ1 2021 |mJ1 2022 

Unit 

Collector-Emitter Voltage 

VCEO 

450 

Vdc 

Collector-Emitter Voltage 

VCEV 

850 

Vdc 

Emitter Base Voltage 

veb 

6.0 

Vdc 

Collector Current — Continuous 

ic 

5.0 

8.0 

15 

Adc 

— Peak(1) 

'cm 

10 

16 

20 


Base Current Continuous 

IB 

4.0 

6.0 

10 

Adc 

— Peak(l) 

<BM 

8.0 

12 

15 


Total Power Dissipation 

Pd 




Watts 

@ Tc = 25°C 


125 

150 

175 


@Tc=100°C 


71.5 

85.5 

100 


Derate above 25°C 


0.714 

0.86 

1.0 

W/°C 

Operating and Storage Junction 

^J< ^stg 


-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Thermal Resistance, 

Junction to Case 

RflJC 

1.4 1.17 1.0 

°C/W 

Maximum Lead Temperature 
for Soldering Purposes: 

1 /S" from Case for 5 Seconds 

Tl 

275 

°c 

(1 ) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. 


5.0, 8.0 and 15 AMPERE 

NPN SILICON 
DEFLECTION 
POWER TRANSISTORS 

860 VOLTS 

126, 160 and 176 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data. 
— representing device characteristics 
boundaries — aregivento facilitate 
"worst case" design. 




NOTES: 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. GD IS SEATING PUNE AND DATUM. 

3. POSITIDNAL TDLERANCE FDR 
MDUNTING HOLE Q: 

I ♦ I il3(0.Q05)® I T |v© I 

FOR LEADS: 

I f I >.13 (0.005)® T I V® I 0@| 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

B 

- 

21.08 

_ 

0.830 

C 

6.3S 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1,>6 

iro55 

0.070 

F 

30.15 BSC 

1.18 

BSC 

G 

10.92 BSC 

0.43 

BSC 

H 

5.46 BSC 

0.21 

5 BSC 

J 

16.8 

BSC 

0.66! 

5 BSC 

K 

11.18 

12.19 

0.440 

0.480 


3.81 

4.19 


0.165 

R 


26.67 


1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.151 

0.165 


CASE 1-06 
TO-204AA (TO-3) 
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MJ12020, MJ12021, MJ12022 


ELECTRICAL CHARACTERISTICS {Jq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (1) 






Collector-Emitter Sustaining Voltage (Table 1 ) 

(IC= 100 mA, Ib = 0) 

VcEO(sus) 

450 

— 

— 

Vdc 

Collector Cutoff Current 
(VcEV = 850 Vdc, VBE(off) = 1 -5 Vdc) 

(VcEV = 850 Vdc, VBE(off) = 1 -5 Vdc, Jq = 1 00°C) 

•CEV 

- 

- 

0.25 

1.5 1 

mAdc 

Collector Cutoff Current 
(VcE = 850 Vdc, Rbe = 50 n, Tq = 1 00°C) 

•CER 

— 

— 

2.5 

mAdc 

Emitter Cutoff Current 
(Veb = 6.0 Vdc, Ic = 0) 

•ebo 

1 

— 

1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 

See Figures 19, 21 or 23 

Turn-Off SOA with Base Reverse Biased 

RBSOA 

See Figures 20, 22 or 24 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(IC= 3.0 Adc, Ib= 0.6 Adc) 

(Ic = 5.0 Adc, Ib = 1 .0 Adc) 

(IC= 10 Adc, Ib= 2.0 Adc) 

MJ12020 

MJ12021 

MJ12022 

VcE(sat) 

- 

- 

CM CM CM 

Vdc 

Base Emitter Saturation Voltage 


VBEfsat) 




Vdc 

(IC=3.0 Adc, lB = 0.6Adc) 

MJ12020 


— ■ 

— 

1.5 


(IC= 5.0 Adc, Ib= 1.0 Adc) 

MJ12021 


— 

— 

1.5 


(IC= 10 Adc, Ib= 2.0Adc) 

MJ12022 


— • 

— 

1.5 


DC Current Gain 


hFE 




— 

(IC= 5.0 Adc, VcE= 5.0 Vdc) 

MJ12020 


5.0 

— 

— 


dC = 8.0 Adc, VcE = 5.0 Vdc) 

MJ12021 


5.0 

— 

— 


(IC= 15 Adc, VcE= 5.0Vdc) 

MJ12022 


5.0 

— 

- 



DYNAMIC CHARACTERISTICS 


Current Gain Bandwidth Product 
dC = 0.3 Adc, VcE = 1 0 Vdc, f = 1 .0 MHz) 
dC = 1 .0 Adc, VcE = 10 Vdc, f = 1 .0 MHz) 
dC = 1 .3 Adc, VcE = 1 0 Vdc, f = 1 .0 MHz) 

MJ12020 

MJ12021 

MJ12022 

It 

15 

15 

15 

- 

- 

MHz 

Output Capacitance 


^ob 




pF 

(VcB = 1 0 Vdc, Ie = 0, f = 1 .0 kHz) 

MJ12020 


— 

— 

200 



MJ12021 


__ 

_ 

350 



MJ12022 


- 


400 



(1 ) Pulse Test; Pulse Width ^ 300 fxs, Duty Cycle <2%. 
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MJ12020, MJ12021, MJ12022 


ELECTRICAL CHARACTERISTICS (Tc= 25°C unless otherwise noted) 


1 Characteristic | 

Symbol | Min | Typ | Max | Unit 

SWITCHING CHARACTERISTICS 

MJ12020 

Inductive Switching, Clamped Drive 

Storage Time 

dC = 3.0 Adc, Ib = 0.6 Adc, 

Vcc = 40 Vdc, VBE(off) = 4 0 Vdc, 
Pulse Width = 8.0 ns. 

Duty Cycle < 2%) See Table 1 

Tj = 25°C 

ts 

_ 

440 

1200 

ns 

Fall Time 

If 

_ 

130 

300 

Storage Time 

Tj= 100°C 

ts 

— 

550 

1500 

Fall Time 

tf 


200 

500 

Inductive Switching, Series Base Inductance | 

Fall Time 

(IC = 3.0 Adc, Ib = 0.6 Adc, Lb = 24 /lzH) See Table 2 

tf 

— 

175 

— 

ns 

MJ12021 

Inductive Switching, Clamped Drive 

Storage Time 

dC= 5.0 Adc, Ib= 1.0 Adc, 

Vcc = 60 Vdc, VBE(off) = 4 0 Vdc, 
Pulse Width = 8.0 /xs. 

Duty Cycle ^ 2%) See Table 1 

Tj = 25°C 

ts 


550 

1200 

ns 

Fall Time 

tf 

— 

100 

300 

Storage Time 

Tj= 100°C 

ts 

— 

750 

1600 

Fall Time 

tf 

- 

180 

500 

Inductive Switching, Series Base Inductance | 

Fall Time 

dC = 5.0 Adc, Ib = 1 .0 Adc, Lb = 24 ^H) See Table 2 

tf 

— 

300 


ns 

MJ12022 

Inductive Switching, Clamped Drive 

Storage Time 

dC= 10 Adc, lB = 2.0Adc, 

Vcc = ■> 20 Vdc, VBE(off) = 4 0 Vdc, 
Pulse Width = 8.0 /xS, 

Duty Cycle < 2%) See Table 1 

Tj = 250c 

ts 

- 

820 

1800 

ns 

Fall Time 

tf 

— 

100 

355 

Storage Time 

Tj= 100<»C 

ts 

- 

1100 

2500 

Fall Time 

tf 

- 

130 

400 

Inductive Switching, Series Base Inductance | 

Fall Time 

(IC = 10 Adc, Ib = 2.0 Adc, Lb = 24 /zH) See Table 2 

tf 

— 

350 

— 

ns 
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VcE, COLLECTOR-EMinER VOLTAGE (VOLTS) 


FIGURE 11 - COLLECTOR-EMITTER SATURATION VOLTAGE 




0.15 0.20 0.30 0.50 0.70 1.0 2.0 3.0 5.0 7.0 10 15 

IC, COLLECTOR CURRENT (AMPS) 
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ts, STORAGE TIME (ns) * ‘s- STORAGE TIME (ns) ^ tj, STORAGE TIME (ns) 


MJ12020, MJ12021, MJ12022 


TYPICAL DYNAMIC CHARACTERISTICS 

MJ12020 

FIGURE 13- STORAGE TIME FIGU 
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VBE(off) = 3.0 to 5.0 Vdc 
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FIGURE 14 - FALL TIME 


Tj = 25°C 
./8f=5.0 

VBE(off) = 3.0 to 5.0 Vdc 


0.7 I.O 2.0 3.0 5.0 

IC, COLLECTOR CURRENT (AMPS) 


0.5 0.7 1.0 2.0 3 

IC, COLLECTOR CURRENT (AMPS) 


MJ12021 


FIGURE 15 - STORAGE TIME 


FIGURE 16 - FALL TIME 
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Tj = 25°C 
)3f=5.0 











VBE(off) = 

3.0 to 5.0 Vdc 
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100 
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2.0 3.0 5.0 8,0 10 

Iq, collector current (AMPS) 


MJ12022 


FIGURE 17 — STORAGE TIME 


Tj = 25°C 
/3f = 5.0 

VBE(off) = 3.0 to 5.0 Vdc 


2.0 3.0 5.0 

IC. COLLECTOR CURRENT (AMPS) 


FIGURE 18 - FALL TIME 



Tj = 25°C 
■^f=5.0 

VBE(off) = 3.0 to 5.0 Vdc 


2.0 3.0 5.0 8.0 10 15 

Ir, COLLECTOR CURRENT (AMPS) 


1.5 2.0 3.0 5.0 8.C 

Ir, COLLECTOR CURRENT (AMPS) 





IVIJ12020, MJ12021, MJ12022 


SAFE OPERATING AREA INFORMATION 


MJ12020 


FIGURE 19 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 


FIGURE 20 - MAXIMUM RATED TURN-OFF 
SAFE OPERATING AREA 



OOll Ll-l lJ I ^ I I 1 .1 i,U I 1 1 1 UU 

5.0 7.0 10 20 50 70 100 200 300 450 


VcE. COLLECTOR-EMinER VOLTAGE (VOLTS) 



VCE(pk). peak COLLECTOR-EMIHER VOLTAGE (VOLTS) 


MJ12021 


FIGURE 21 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 



0 02 L L J-i U I I I L. -L -1 iJ-L J I I I CaU 

5.0 10 20 50 100 200 300 450 


FIGURE 22 — MAXIMUM RATED TURN-OFF 



VcE. COLLECTOR-EMIHER VOLTAGE (VOLTS) 


VCE(pl(). peak COLLECTOR-EMIHER VOLTAGE (VOLTS) 


MJ12022 

FIGURE 23 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 


FIGURE 24 - MAXIMUM RATED TURN-OFF 
SAFE OPERATING AREA 



5.0 10 20 30 50 70 100 200 300 450 

VcE. COLLECTOR-EMinER VOLTAGE (VOLTS) 



100 150 200 250 350 450 600 700 850 

VCE(pk)< peak COLLECTOR-EMinER VOLTAGE (VOLTS) 
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C. CAPACITANCE (pF) ^ q CAPACITANCE (pF) 


MJ12020, MJ12021, MJ12022 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic — V qe 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 19, 21 and 23 are based on Jq = 
25°C; Tj(pk) is variable depending on power level. Second 
breakdown pulse limits are valid for duty cycles to 1 0% but 
must be derated when Tq ^ 25°C. Second breakdown 
limitations do not derate the same as thermal limitations. 
Allowable current at the voltages shown on Figures 19, 
21 and 23 may be found at any case temperature by using 
the appropriate curve on Figure 28. 


Tj(pk) may be calculated from the data in Figures 29, 30 
or 31 . At high case temperatures, thermal limitations will 
reduce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

TURN-OFF 

In deflection circuits, high voltage and high current 
normally do not occur simultaneously during turn-off with 
the base-emitter reverse biased. The safe level of oper- 
ating these devices is specified as the Turn-Off Safe 
Operating Area, and represents the area the lead line may 
traverse during reverse biased turn off. For reliable oper- 
ation, all abnormal operating conditions should be 
checked for operation within this area. 


FIGURE 25 - CAPACITANCE VARIATION 
MJ 12020 


FIGURE 26 - CAPACITANCE VARIATION 
MJ12021 



Vr, reverse voltage (VOLTS) 



0.1 1.0 10 100 850 

Vr. reverse VOLTAGE (VOLTS) 


FIGURE 27 - CAPACITANCE VARIATION 
MJ12022 
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MJ12020, MJ12021, MJ12022 


THERMAL RESPONSE 


FIGURE 29 — MJ1 2020 



t. TIME (ms) 


FIGURE 30 - MJ1 2021 



FIGURE 31 - MJ12022 
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MJ12020, MJ12021, MJ12022 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



Ti adjusted to obtain iQpk) 
-Va adjusted to obtain VBE(off) 


VCEO(sus) 

Inductive Switching, Clamped Drive 

Turn-Off SOA 

L= 10 mH 

RB2 = =« 

Vcc = 20 Vdc 

SI — Open 
^Tektronix P-6042 
or Equivalent 

MJ12020 

MJ 12021 

MJ12022 

MJ12020 

MJ12021 

MJ 12022 

C = 0.003 mF 
Vcc = 40 Vdc 

C = 0.020 mF 
Vcc = 60 Vdc 

C = 0.036 mF 

Vcc = 1 20 Vdc 

C = 0.003 mF 
Vcc = 20 Vdc 

C = 0.020 mF 
Vcc = 35 Vdc 

C = 0.037 mF 

Vcc = 55 Vdc 

L= 100 mH, si — Closed 

RB2 = 0' RbI selected for required Ibi 

Scope — Tektronix 7403 or Equivalent 

L= 100/xH 

Rb2 = 0< RbI selected for required Ibi 

SI — Closed 


TABLE 2 — TEST CIRCUIT FOR INDUCTIVE SWITCHING WITH BASE INDUCTANCE 



Device 

Vcc (Volts) 

ICIpk) (Amp) 

C(mF) 

MJ12020 

20 

3.0 

0.003 

MJ12021 

35 

5.0 

0.;020 

MJ12022 

55 

10 

0.036 


• Ferrox cube pot core #4229P-L00-3C8 

• Adjust gap for primary inductance Lp = 70 mH (approximately 5 mil spacer) 

• Primary 230T #28 AWG (5 layers) 

• Secondary 15T #22 AWG (1 layer) 

• Secondary leakage inductance should be less than 3 jxW 

• Use 3 mil mylar tape between each winding layer 
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MOTOROLA 

■I SEMICONDUCTOR 

TECHNICAL DATA 


MJ13014 

IVIJ13015 


SJtieot 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ13014 and MJ13015 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where 
fall time is critical. They are particularly suited for line operated 
switchmode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn - Off Times: 

60 ns Inductive Fall Time @ 25°C (Typ) 

120 ns Inductive Crossover Time @ 25°C (Typ) 

800 ns Inductive Storage Time @ 25°C (Typ) 

Operating Temperature Range -65 to -(-200°C 

100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



MAXIMUM RATINGS 

Rating 

Symbol 

MJ13014 

MJ13015 

Unit 

Collector-Emitter Voltage 

VCEO 

350 

400 

Vdc 

Collector-Emitter Voltage 

VCEV 

550 

600 

Vdc 

Emitter Base Voltage 

< 

m 

00 

6.0 

Vdc 

Collector Current — Continuous 


ic 


10 


Adc 

-Peakd) 


•cm 


20 



Base Current — Continuous 


•b 


5.0 


Adc 

-Peak (1) 


•bm 


10 



Total Power Dissipation @ = 25°C 


Pd 


150 


Watts 

@ Tc = 1 00°C 




85.5 



Derate above 25°C 




0.86 


W/°C 

Operating and Storage Junction 

Tj. Tstg 


-65 to +200 


°C 

Temperature Range 








THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.17 

OC/W 

Maximum Lead Temperature for Soldering 


Tl 


275 



Purposes: 1 /8" from Case for 5 Seconds 








( 1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle ^ 10%. 


10 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

350 AND 400 VOLTS 
150 WATTS 


Designer's Data for 
'Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 




1. DIMENSIONS Q AND V ARE DATUMS. 

2. GtD is SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FDR 
MOUNTING HOLE 0: 

I » I <.13 (0.0051® 1 T |V~^ 

FOR LEADS: 

[ 4- I r 13 (0.005) ®T I V@ I Q0| 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 



MILLIMETERS 

INCHES 

DIM 

MIN 1 MAX 

MIN 

MAX 

A 

- 1 39.37 

- 

1.550 


21.08 

- 

0.830 

C 

6.35 7.62 

0.250 

0.300 

0 

0.97 1 1.09 

0.038 

0.043 


1.40 1 1.78 

0.055 

0.070 

F 

30.15 BSC 

1.18 

BSC 

“g^ 

10.92 BSC 

0.43 

BSC 

H 

5.46 BSC 

0.21 

>BSC 

J 

16.89 BSC 

0.66 

>BSC 

"IT^ 

11.181 12.19 

0.440 

0.480 

Q“ 

3.81 4.19 

0.150 

0.165 

R 

26.67 


1.050 

U 

4.83 5.33 

0.190 

0.210 

V 

3.81 1 4.19 

0.150 

0.165 


CASE 1-05 
TO-204AA 
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MJ13014, MJ13015 


ELECTRICAL CHARACTERISTICS (T^ = 25°c unless otherwise noted) 

Characteristic | Symbol | Min [ Typ | Max | Unit \ 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 

dc = 100 mA, Ib = 0) MJ13014 

MJ13015 

VCEO(sus) 

350 

400 

- 

- 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(VcEv = Rated Value, VsEioff) “ ^ -5 Vdc) 


- 

- 

0.5 


( VcEV = Rated Value, VsEloff) = ^ -5 Vdc, Tc = 1 50^0 


- 

- 

2.5 


Collector Cutoff Current 

•CER 

- 

- 

3.0 

mAdc 

(VcE = Rated VceV- RbE = 50 J2, Tc = 100°C) 






Emitter Cutoff Current 

•ebo 

- 

- 

1.0 

mAdc 

(Veb = 6.0 Vdc, Ic = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 1 2 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 13 



ON CHARACTERISTICS (1) 


DC Current Gain 

dc = 2.5 Adc, VcE = 5 Vdc) 

hpE 

12 

- 

40 

- 

Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

dc = 5 Adc, Ib = 1 .0 Adc) 


- 

- 

1.4 


dc = 10 Adc, Ib = 2.0 Adc) 


- 

- 

5.0 


dc = 5 Adc, Ib = 1.0 Adc, Tc = 100°C) 


- 

- 

2.4 


Base-Emitter Saturation Voltage 

VBE{sat) 




Vdc 

dc - 5 Adc, Ib = 1.0 Adc) 


- 

- 

1.5 


dc = 5 Adc, 1 B = 1 .0 Adc, Tc = 1 00°C) 


- 

- 

1 .5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

50 

- 

350 

pF 

(VcB = 10 Vdc, Ie = 0, ftest = 10 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

(Vcc = 250 Vdc, Ic = 5.0 A, Ibi = 10 A, 
tp = 25 MS, Duty Cycle 2%) 

td 

- 

0.01 

0.1 

MS 

Rise Time 

tr 

- 

0.085 

0.5 

MS 

Storage Time 

(Vcc = 250 Vdc, Ic = 5.0 A, Ibi = 1.0 A, 

VBE(off) ~ 5.0 Vdc, tp = 25 ms. Duty Cycle 2%) 


- 

0.8 

2.0 

MS 

Fall Time 

tf 

- 

0.095 

0.5 

MS 


Inductive Load Clamped (Table 1) 


Storage Time 

dc = 5 A(pk), Vciamp = 250 Vdc, Ibi = 1.0 A, 
VBE(off) = 5 Vdc,Tc = 100°C) 

tsv 

- 

1.5 

3.5 

MS 

Crossover Time 

tc 

- 

0.25 

1.0 

MS 

Fall Time 

tfi 

- 

0.12 

- 

MS 

Storage Time 

dc = 5 A (pk), Vciamp = 250 Vdc, Ibi = 1.0 A, 
VBE(off) = 5 Vdc, Tc = 25°C) 

tsv 

- 

0.8 

- 

MS 

Crossover Time 

tc 

- 

0.12 

- 

MS 

Fall Time 

tfi 

- 

0.06 

- 

MS 


( 1 ) Pulse T est : PW = 300 ns. Duty Cycle < 2%. 
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MJ13014, MJ13015 



PW Varied to Attain 
Ic = 100 mA 


All Diodes - 1N4934 4, 

All NPN - MJE200 
All PNP - MJE210 

Adjust R1 to obtain 13 -j 

For switching and RBsoA< ^ 

For VcEO(sus)' R2 = ~ 


430 n ^ 39fl| 

i 250 /UF 


Iqi adjusted to 
obtain the forced 
desired 

TURN OFF TIME 
Use inductive switching 
driver as the input to 
the resistive test circuit. 


Lcoil = 80 mH Vcc = 10 V 
Bcoil = 0.7 n 


Lcoil = 180 pH 

^coil = 0 05 n Vciamp 250 V 

Vcc = 20 V adjusted to attain desired l0.| 


Pulse Width = 10 /Lts 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 


Input 

See Above for 
Detailed Conditioi 


1 

rt‘ 

^ 1N4937 ^ ^ 

\\ 

Equivalent 

ti 


0.1 SI 


I- — «i-— tf[— 

r 

j''clampJ 

Tim. 


*-coil 

*2 * ~ Vc ' |a ; „p 

T est Equipment 
Scope — Tektronix 
475 or Equivalent 



FIGURE 7- INDUCTIVE SWITCHING MEASUREMENTS 

Vclamp / y 90% >0 

I* tj L [ . a tfvW-X-tfj >. L 


FIGURE 8 - PEAK REVERSE CURRENT 


VcE ^ 

lo 90% Ir 


10%Vclamp 10% 

1 'Cpu-f 2%lc^ 










L 'c = 

5A 






•bi 

1 A 









































1.0 2.0 

Voc 


BASE-EMITTER VOLTAGE (VOLTS) 









MJ13014, MJ13015 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% Vdamp 
tfv = Voltage Rise Time, 10-90% Vdamp 
tfj = Current Fall Time, 90 — 10% Iq 
tti = Current Tail, 10-2% Iq 
tc = Crossover Time, 10% Vd 3 mp to 10% Iq 
A n enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

*^SWT = VQQlc(tc)f 

In general, trv + tfj — t^. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tsv) which are 
guaranteed at 100°C. 


RESISTIVE SWITCHING 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IC, COLLECTOR CURRENT (AMP) 



0.051 — r—1- 1 1 1. J r - -! -rr r : I i i i i m 

0.1 0.2 0.3 0.5 0.7 1.0 2,0 3.0 5.0 7,0 10 


|0, COLLECTOR CURRENT (AMP) 


FIGURE 11 - THERMAL RESPONSE 



t, TIME (ms) 




MJ13014, MJ13015 



SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor; average junction temperature and second 
breakdown. Safe operating area curves indicate IC”Vce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tc = 25*^0; Tj{pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

Tj(pk) be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high, voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 



0 40 80 120 160 200 

Tc, CASE TEMPERATURE (°C) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJ13070 

IVIJ13071 


Designer’s Data Sheet 



SWITCHMODE M SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ13070 and l\/IJ13071 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line-operated switch- 
mode applications such as; 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

100 ns Inductive Fall Time @ 25°C (Typ) 

1 50 ns Inductive Crossover Time @ 25°C (Typ) 

400 ns Inductive Storage Time @ 25°C (Typ) 

Operating Temperature Range -65 to +200°C 

100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



MAXIMUM RATINGS 


5 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

400 AND 450 VOLTS 
125 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designer's Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
"worst case" design. 



Rating 

Symbol 

MJ13070 

MJ13071 

Unit 

Collector-Emitter Voltage 

VCEO 

400 

450 

Vdc 

Collector-Emitter Voltage 

VCEV 

650 

750 

Vdc 

Emitter Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

— Peak (1 ) 

•cm 

8.0 


Base Current — Continuous 

•b 

2.0 

Adc 

— Peak(1) 

•bm 

4.0 


Total Power Dissipation (5) Tq = 25°C 

Pd 

125 

Watts 

@Tc= 100°C 


71.5 


Derate above 25°C 


0.714 

W/°C 

Operating and Storage Junction 

Tj, Tgtg 

-65 to +200 

®C 

Temperature Range 





THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.4 

°C/W 

Maximum Lead Temperature for Soldering 

Tl 

275 

®C 

Purposes: 1 / 8 " from Case for 5 Seconds 




(1) Pulse Test; Pulse Width = 5 ms, 

Duty . Cycle ^ 10%. 









2, IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLEO: 

I » I ».13(0.00S)@ I T |V^ 

FOR LEADS: 

I ♦.13(0.005)©T 1 v©| 0 @| 



CASE 1-05 
TO-204AA 
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MJ13070. MJ13071 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol | Min [ Typ | Max | Uni7 


OFF CHARACTERISTICS (1 ) 


Collector-Emitter Sustaining Voltage (Table 1) 

{lc= 100 mA, Ib = 0) MJ13070 

MJ13071 

VcEO(sus) 

400 

450 

- 

- 

Vdc 

Collector Cutoff Current 
(VcEV Rated Value, VgEloff) =15 Vdc) 

(VcEV = Rated Value, VBE(off) = "I 5 Vdc, Tq = 1 00°C) 

•CEV 

- 

- 

0.5 

2.5 

mAdc 

Collector Cutoff Current 

I^CE “ Rated Vqb\/' RbE “ 50 il, Tq = 100°C> 

•CER 

— 

— 

3.0 

mAdc 

Emitter Cutoff Current 
(Vbb = 6.0 Vdc, Ic = 0) 

•ebo 

— 

— 

1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•S/b 

See Figure 1 2 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 3 



ON CHARACTERISTICS (1) 


DC Current Gain 
(IC = 3.0Adc, VcE = 5.0Vdc 

hFE 

8.0 


— 

— 

Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

(IC= 3.0 Adc, Ib = 0.6 Adc) 


— 

— 

1.0 


(Ic = 5.0 Adc, Ib - 1 .0 Adc) 


— 

— 

3.0 


(Ic = 3.0 Adc, Ib = 0.6 Adc, Tc = 100°C) 


— 

— 

2.0 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

(IC = 3.0Adc, lB = 0.6Adc) 


— 

— 

1.5 


(Ic = 3.0 Adc, Ib = 0.6 Adc, Tc = 1 00°C) 


- 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

^ob 

- 

— 

250 

pF 

(VcB = 1 0 Vdc, Ie = 0, ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

(Vcc= 250 Adc, lc= 3.0 Adc, 

Ibi - 0.4 Adc, tp = 30 /uS, 

Duty Cycle ^2%, VBE(off) = 5.0 Vdc) 

td 

— 

0.03 

0.05 

MS 

Rise Time 

tr 

— 

0.10 

0.40 

Storage Time 

^s 

— 

0.40 

1.50 

Fall Time 

tf 

_ 

0.175 

0.50 


Inductive Load, Clamped (Table 1) 


Storage Time 

<'C(pk) = 3 0 A, 

Ibi = 0.4 Adc, 

VBE(off) = 5.0 Vdc, 

VCE(pk) = 250 V) 

(Tj= 100°C) 

isv 

— 

0.70 

2.0 

MS 

Crossover Time 

tc 

— 

0,28 

0.50 

Fall Time 

tfi 

— 

0.15 

0.30 

Storage Time 

(Tj = 25°C) 

tsv 

— 

0.40 

— 

Crossover Time 

tc 

— 

0.15 

— 

Fall Time 

tfl 

- 

0.10 

~ 


(1 ) Pulse Test: PW - 300 ^iS, Duty Cycle sS2%. 
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Ic, COLLECTOR CURRENT itx/K) Vqe. COLLECTOR-EMinER VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 
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MJ 13070. MJ 13071 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VCEO(sus) 


RBSOA AND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 


002mF 100 9^^ “=11^ 



|01 adjusted to 
obtain the forced 


TURN OFF TIME 
Use inductive switching 


Adjust R 1 to obtain I 3-1 

For switching and RBsqa* ® 

For VcEO(sus)- R2 = «■ 


Lcoil tSO/jH 

Rcoil 0 05 « '^clamp " 250 V 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 


1N4937 I \ I 


^ I «f [— 



Test Equipment 
Scope — Tektronix 
475 or Equivalent 


FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 


FIGURE 8 - PEAK REVERSE CURRENT 




J ^ 1 I 


0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

VBEioff)' BASE-EMIHER VOLTAGE (VOLTS) 






MJ13070, MJ13071 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% Vdamp 
trv = Voltage Rise Time, 10—90% Vdamp 
tfi = Current Fall Time, 90 — 10% 1^ 
tti = Current Tail, 10 — 2% Iq 
tc = Crossover Time, 10% Vdamp to 10% Iq 
A n enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN'222; 

PswT=1/2Vcclc(tc)f 

In general, trv tfi — t^.. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tjy) which are 
guaranteed at 100°C. 


INDUCTIVE SWITCHING 



0.5 0.7 1.0 2.0 3.0 5.0 

IC. COLLECTOR CURRENT (AMPS) 


FIGURE 10 - CROSSOVER AND FALL TIMES 



ii 1 ^ ^ i I 

0.5 0.7 1.0 2.0 3.0 5.0 


IC, COLLECTOR CURRENT (AMPS) 


FIGURE 1 1 - THERMAL RESPONSE 



t, TIME (ms) 
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MJ13070. MJ13071 


The Safe Operating Area figures shown in Figures 12 and 13 are 
specified for these devices under the test conditions shown. 


FIGURE 12 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 



VcE. COLLECTOR-EMinER VOLTAGE (VOLTS} 


FIGURE 13 - MAXIMUM RATED REVERSE BIAS 
SAFE OPERATING AREA 
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VcE, COLLECTOR-EMIHER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq-VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25*^0; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when 25°C. Second breakdown limitations 

do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

Tj(pk) iTiay be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 
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Designer’s Data Sheet 


8 AMPERE 


SWITCHMODE ii SERIES 
NPN SILICON POWER TRANSISTORS 


NPN SILICON 
POWER TRANSISTORS 


The MJ13080 and MJ13081 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time iscritical. They are particularly suited for line-operated switch- 
mode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

100 ns Inductive Fall Time @ 25°C (Typ) 

150 ns Inductive Crossover Time @ 25°C (Typ) 

400 ns Inductive Storage Time @ 25°C (Typ) 

Operating Temperature Range -65 to +200°C 

1 00°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



400 AND 450 VQLTS 
150 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designer's Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
"worst case" design. 



MAXIMUM RATINGS 


Rating 

Symbol 

MJ 13080 

MJ13081 

Unit 

Collector-Emitter Voltage 

VCEO 

400 

450 

Vdc 

Collector-Emitter Voltage 

VcEV 

650 

750 

Vdc 

Emitter Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

>C 

8.0 

Adc 

— Peakfl) 

ICM 

12 


Base Current — Continuous 

•b 

3.0 

Adc 

— Peak(1) 

•bm 

6.0 


Total Power Dissipation @ T^ = 25°C 

Pd 

150 

Watts 

@ Tc= lOO^C 


85.5 


Derate above 25°C 


0.86 

W/°C 

Operating and Storage Junction 

^J' l^stg 

-65 to +200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.17 

oc/w 

Maximum Lead Temperature for Soldering 
Purposes; 1/8" from Case for 5 Seconds 

Tl 

275 

°c 

(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 
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MJ13080, MJ13081 


ELECTRICAL CHARACTERISTICS (Tc = 2S°C unless otherwise noted) 

Characteristic [ Symbol [ Min [ Typ | Max [ Unit 


OFF CHARACTERISTICS (1 ) 


Collector-Emitter Sustaining Voltage (Table 1 ) 

(IC= 100 mA, Ib = 0) MJ13080 

MJ13081 

VcEO(sus) 

400 

450 

- 

- 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(VcEV " Rated Value, VBE(off) " ^ ® 


— 

— 

0.5 


(VcEV ■ Rated Value, VBE(off) ~ 1 ^ Vdc, Tq = 1 00°C) 


— 

— 

2.5 


Collector Cutoff Current 

•CER 

— 

— 

3.0 

mAdc 

(VcE = Rated VceV- RbE = 50 H, Tq = 100°C) 






Emitter Cutoff Current 

•ebo 

— 

— 

1.0 

mAdc 

(Veb = 6.0 Vdc, Ic = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•S/b 

See Figure 1 2 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 3 



ON CHARACTERISTICS (1) 


DC Current Gain 
(Ic = 5.0 Adc, VcE = 3.0 Vdc 

hFE 

8.0 

— 



— 

Collector-Emitter Saturation Voltage 

VcE(sat). 




Vdc 

(IC = 5.0 Adc, Ib= 10 Adc) 


— 

— 

1.0 


(lc = 8.0Adc, Ib= 1.6 Adc) 


— 

— 

3.0 


(Ic = 5.0 Adc, Ib = 1 .0 Adc, Tc = 100°C) 


— 1 

— 

2.0 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

(Ic = 5.0 Adc, Ib = 1 .0 Adc) 


— 

— 

1.5 


dC = 5.0 Adc, Ib = 1 .0 Adc, Tc = 1 00°C) 


— 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

^ob 

1 

! 


PF 

(VcB = 1 0 Vdc, Ie = 0, ftest = 1 0 kHz) 


— 

— 

300 



SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

(Vcc = 250 Vdc, Ic = 5.0 Adc, 

*B1 ~ Adc, tp = 30 fxs. 

Duty Cycle ^2%, VBE(off) ~ 6.0 Vdc) 

td 

- 

0.025 

0.05 

MS 

Rise Time 

tr 

— 

0.10 

0.50 

Storage Time 

ts 

— 

0.50 

1.50 

Fall Time 

tf 

- 

0.15 

0.50 


Inductive Load, Clamped (Table 1 ) 


Storage Time 

(•C(pk)= 5.0 A, 

Ibi = 0.7 Adc, 

VBE(off) = 5.0 Vdc, 
VcE(pk) = 250V) I 

(Tj= 100°C) 

isv 

- 

0.75 

2.20 

MS 

Crossover Time 

Ic 


0.22 

0.40 

Fall Time 

tfi 

— 

0.175 

0.35 

Storage Time 

(Tj = 25^0 

fsv 

— 

0.40 

— 

Crossover Time 

Ic 

— 

0.15 

— 

Fall Time 

tfi 

- 

0.10 

- 


(1 ) Pulse Test: PW - 300 mS, Duty Cycle ^2%. 
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MJ13080, MJ13081 


TYPICAL ELECTRICAL CHARACTERISTICS 
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IC, COLLECTOR CURRENT (AMPS) 


FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 3 - COLLECTOR-EMITTER 
SATURATION VOLTAGE 
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FIGURE 5 - COLLECTOR CUTOFF REGION 
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TEST CIRCUITS 


MJ13080, MJ13081 



VCEO(sus) 


RBSOA AND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 




Adjust R 1 to obtain Ig-j 

For switching and RBgoA' ® 

For VcEO(sus)< R2 = “ 


Lcoii = 180 
Bcoil = 0 05 n 
Vcc = 20 V 


Vclamp - 250 V 
Rg adfusted to attain c 


OUTPUT WAVEFORMS 




Vcc = 250 V 
Rl= 5on 
Pulse Width = 30 ^ 


RESISTIVE TEST CIRCUIT 



FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 


FIGURE 8 - PEAK REVERSE CURRENT 


90%VcE(pk) /|\90%lc(pk) 


10%VcE(pk) 10% 

1 — ICPk -|-2%lc- 



1.0 2.0 3.0 4.0 5.0 6.0 

VBE(off). BASE-EMIHER VOLTAGE (VOLTS) 













MJ13080, MJ13081 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% Vdamp 
trv = Voltage Rise Time, 10-90% Vdamp 
tfi = Current Fall Time, 90-10% Iq 
tti = Current Tail, 10-2% Ic 

tc = Crossover Time, 10% Vdamp to 10% Iq 
A n enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PswT = 1/2Vcclc(‘c>f 

In general, trv tfj — t^,. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tjv) which are 
guaranteed at 100°C. 


INDUCTIVE SWITCHING 


FIGURE 9 - STORAGE TIME 


FIGURE 10 - CROSSOVER AND FALL TIMES 



b.O 7.0 10 12 15 


0.7^ /3f = 5.0- 

Tj = 75°C 




Ic, COLLECTOR CURRENT (AMPS) 


Ic, COLLECTOR CURRENT (AMPS) 


FIGURE 1 1 - THERMAL RESPONSE 












MJ 13080, MJ 13081 



SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC“VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

Tj(pk) n^ay be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 
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Designer’s Data Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER ITRANSISTORS 

These transistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. They 
are particularly suited for line operated switch-mode applications 
such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
1 00°C Performance Specified for: 

Reverse-Biased SOA with inductive Loads 
Switching Times with Inductive Loads — 

1 50 ns Inductive Fall Time (Typ) 

Saturation Voltages 
Leakage Currents 


o 



15 AMPERE 

NPN SILICON 
POWER 
TRANSISTORS 

400 AND 450 VOLTS 
125 and 175 WATTS 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ13090 

MJ13091 

MJH13090 

MJH13091 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

400 

450 

400 

450 

Vdc 

Collector-Emitter Voltage 

VCEV 

650 

750 

650 

750 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

Vdc 

Collector Current 






Adc 

— Continuous 

•c 


15 



— Peak(1) 

•cm 


20 



Base Current 






Adc 

— Continotis 

•b 


5.0 



— Peak(l) 

>BM 


10 



Total Device Dissipation 

Pd 





Watts 

@ Tc = 25°C 


175 

125 


@Tc=100°C 


100 

50 


Derate above 25°C 


1.0 

1.0 

w/°c 

Operating and Storage 

1 

TjJstg 

-65 to 200 

-55 to 150 

°C 

Junction Temperature 







Range 

1 







THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 
Junction to Case 

PflJC 

1.0 

®c/w 

Lead Temperature for 
Soldering Purposes, 1/8' 
from Case for 5 Seconds. 

Tl 

275 

“C 


(1 ) Pulse Test: Pulse Width ^ 5.0 ^s. Duty Cycle >10%. 


Designer's Data for "Worst Case" Conditions 

The Designer's Data Sheet permits the design of most circuits entirely from the infor- 
mation presented. Limit curves — representing boundaries on device characteristics — 
are given to facilitate "worst case" design. 
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MJ13090 

MJ13091 
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MJH13091 


tM 



MIlLIMETEBSl IWCHtS 
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ELECTRICAL CHARACTERISTICS (Tc = 25‘’C unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 1 ) 

VcEO(sus) 




Vdc 

dC = 1 00 mA. Ib = 0) MJl 3090, MJH1 3090 


400 

— 

— 


MJ13091. MJH13091 


450 

- 

- 


Collector Cutoff Current 

•CEV 




mAdc 

(VcEV = Rated Value, VBE(off) = 5 Vdc) 


— 

— 

0.5 


(VcEV = Rated Value, VBE(off) = 1 5 Vdc, Tq = 100°C) 


— 

— 

2.5 


Collector Cutoff Current 

•CER 

— 

— 

3.0 

mAdc 

(VcE = Rated Vqev. RbE = 50 0, Tq = 1 00°C) 


1 




Emitter Cutoff Current 

•ebo 


— 

1.0 

mAdc 

(Veb = 6.0 Vdc, Ic = 0) 


1 





SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•S/b 

See Figures 1 2 and 1 3 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 14 



ON CHARACTERISTICS (1) 


DC Current Gain 

•^FE 

8.0 

_ 

— 

_ 

(lc= 10 Adc, VcE = 3.0 Vdc 






Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

(lc= 10 Adc, Ib = 2.0 Adc) 

— 

— 

1.0 


(IC= 15 Adc, Ib = 3.0Adc) 


— 

— 

3.0 


dC = 10 Adc, Ib = 2.0 Adc, Tq = 100°C) 


— 

— 

2.0 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC= 10 Adc, Ib = 2.0 Adc) 

— 

— 

1.5 


dC = 10 Adc, Ib = 2.0 Adc, Tq = ^00°C) 


~ 1 

- , 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Oob 

— 

— 

350 

pF 

(VcB = 10 Vdc, Ie = 0, ftest = ^ 0 I^Hz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

(Vcc= 250 Vdc, lc= 10 Adc, 

Ibi = 1 .25 Adc, tp = 30 ns. 

Duty Cycle ^2%, VBE(off) = 6.0 Vdc) 

Id 

— 

0.03 

0.05 

fiS 

Rise Time 

tr 

— 

0.13 

0.50 

Storage Time 

ts 

— 

0.55 

2.50 

Fall Time 

tf 

- 

0.10 

0.50 

Inductive Load, Clamped (Table 1 ) 

Storage Time 

(•C(pk)= 10 A, 

Ibi = 1 .25 Adc, 

VBE(off)= 5.0 Vdc, 

VcE(pk) = 250V) 

(Tj=100°C) 

tsv 

— 

0.80 

3.00 

MS 

Crossover Time 

1c 

— 

0.175 

0.40 

Fall Time 

tfi 

— 

0.15 

0.30 

Storage Time 

(Tj = 2500 

tsv 

— 

0.50 

— 

Crossover Time 

1c 

— 

0.15 

— 

Fail Time 

Ifl 

— 

0.10 

- 


(1 ) Pulse Test: PW = 300 ns, Duty Cycle < 2%. 
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SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fail, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined, 
tsv = Voltage Storage Time, 90% Ibi to 10 % Vdamp 
trv = Voltage Rise Time, 10—90% Vdamp 
tfi = Current Fall Time, 90 — 10% Iq 
tti = Current Tail, 10—2% Ic 
tc = Crossover Time, 1 0% Vdamp 1 0% IC 
An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 


For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222: 
PSWT = 1 /2 Vcclc(tc)^ 

In general, trv tfi — tc- However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user-oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the Inductive switching speeds (tc and tsv) which are 
guaranteed at 1(X)°C. 


INDUCTIVE SWITCHING 


FIGURE 9 - STORAGE TIME 


FIGURE 10 - CROSSOVER AND FALL TIMES 
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FIGURE 1 1 - THERMAL RESPONSE 
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SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic— V qe 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than tbe curves indicate. 

The data of Figures 1 2 and 1 3 are based on Tq = 25°C; 
Tj(pk) 'S variable depending on power level. Second break- 
down pulse limits are valid for duty cycles to 1 0% but must 
be derated when Tq ^ 25°C. Second breakdown limita- 
tions do not derate the same as thermal limitations. Allow- 
able current at the voltages shown on Figures 1 2 and 1 3 
may be found at any case temperature by using the appro- 
priate curve on Figure 15. 

Tj(pk) may be calculated from the data in Figure 1 1 . At 
high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse-biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current conditions during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 
14 gives RBSOA characteristics. 


FIGURE 14 - REVERSE BIAS SAFE OPERATING AREA 


FIGURE 15 — POWER DERATING 
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Designer’s Data Sheet 


SWITCHMODE II SERIES 
NPN SILICON POWER TRANSISTOR 

The MJ13101 transistor is designed for high-voltage, high-speed, 

power switching in inductive circuits where fall time is critical. It is 

particularly suited for line-operated switchmode applications such 

as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn-Off Times 

30 ns Inductive Fall Time (g) 25°C (Typ) 

50 ns Inductive Crossover Time @ 25°C (Typ) 

900 ns Inductive Storage Time @ 25°C (Typ) 

Operating Temperature Range -65 to +200°C 

100°C Performance Specified for; 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



20 AMPERE 


NPN SILICON 
POWER TRANSISTOR 

450 VOLTS 
175 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designer's Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
"worst case" design. 



MAXIMUM RATINGS 


Rating 

Symbol 

MJ13101 

Unit 

Collector-Emitter Voltage 

VCEO 

450 

Vdc 

Collector-Emitter Voltage 

VCEV 

750 

Vdc 

Emitter Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

'c 

20 

Adc 

— Peak(1) 

•cm 

30 


Base Current — Continuous 

'b 

10 

Adc 

- Peak(l) 

•bm 

15 1 


Total Power Dissipation @ Tq = 25°C 

pd 

175 

Watts 

@ Tc= 100°C 


100 


Derate above 25°C 


1.0 

w/oc 

Operating and Storage Junction 

Tj, Tgtg 

-65 to +200 


Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

P0JC 

1.0 

^C/W 

Maximum Lead Temperature for Soldering 
Purposes; 1 /8" from Case for 5 Seconds 

Tl 

275 

OC 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic [ Symbol [ Min | Typ [ Max [ Unit 


OFF CHARACTERISTICS (1 ) 


Collector-Emitter Sustaining Voltage (Table 1 ) 

(IC= 100 mA, Ib = 0) 

MJ13101 

VcEO(sus) 

450 

_ 


Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(VcEV = Rated Value, VsEjoff) “ 1 ^ Vdc) 


— 


0.5 


(VcEV = Rated Value, VBE(off) = 1 5 Vdc, Jq = 1 00°C) 


— 

— 

2.5 


Collector Cutoff Current 

'CER 

— 

_ ! 

3.0 

mAdc 

(VcE = Rated Vcbv- RbE ~ 0, = 100°C) 






Emitter Cutoff Current 

•ebo 

— 

— 

1.0 

mAdc 

(Veb = 6.0 Vdc, Ic = 0) 




! 

! 



SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 

See Figure 12 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 13 



ON CHARACTERISTICS (1 ) 


DC Current Gain 
(IC= 15 Adc, Vce = 3.0 Vdc 

hFE 

8.0 

— 

40 

_ 

Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

(Ic = 1 5 Adc, Ib = 3.0 Adc) 


— 

— 

1.0 


(Ic = 20 Adc, Ib = 4.0 Adc) 


1 

— 

3.0 


(IC = 1 5 Adc, Ib = 3.0 Adc, Tc = 1 00°C) 


1 

— 

2.0 


Base-Emitter Saturation Voltage 

VBE(sat) 

1 

1 



Vdc 

(IC= 15 Adc, Ib = 3.0 Adc) 




— 

1.5 


(Ic = 1 5 Adc, Ib = 3.0 Adc, Tc = 1 00°C) 


- 1 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 

— 

450 

PF 

(VcB = 1 0 Vdc, Ie = 0, ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

Vcc = 250 Vdc. Ic = 1 5 Adc, 

Ibi = 2.0 Adc, tp = 30 /iS, 

Duty Cycle <2%, VBE(off) = 5 0 Vdc) 

Id 

— 

0.02 

0.05 

MS 

Rise Time 

tr 


0.13 

0.50 

Storage Time 

ts 


0.90 

3.5 

Fall Time 

tf 

— 

0.10 

0.50 


Inductive Load, Clamped (Table 1) 


Storage Time 

(•C(pk)= 15 A, 

Ibi = 2.0 Adc, 

VBE(off)= 5.0 Vdc, 

VcE(pk) = 250V) 

(Tj=100°C) 

tsv 

— 

1.25 

4.0 

MS 

Crossover Time 

Ic 

— 

0.15 

0.50 

Fall Time 

tfi 

— 

0.13 

0.40 

Storage Time 

(Tj = 25°C) 

tsv 

— 

0.90 

— 

Crossover Time 

Ic 

— 

0.05 

— 

Fall Time 

tfi 

— 

0.03 

— 


(1 ) Pulse Test: PW - 300 /us, Duty Cycle <2%. 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VcEO(sus) 


RBSOA AND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 


0 02mF 100 9*v-nv 


’“LT 



Adjust R 1 to obtain Ig^ 

For switching and RBgOA- ^ ^ 
For VcEO(sus)- R2 = «> 


Lcoil = teOAlH 
Rcoil = 0 05 n 
Vcc = 20 V 


Rl= 16.611 
Pulse Width = 30 M 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 


Detailed Conditions V 


rtT 

1 I s I 

] 1N4937 I ‘Q I 

/ -- l^lLcoll 

Equivalent 




FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 


FIGURE 8 - PEAK REVERSE CURRENT 




1.0 2.0 3.0 4.0 5.0 6,0 

VBE(off). BASE-EMIHER VOLTAGE (VOLTS) 






MJ13101 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv Voltage Storage Time, 90% Ibi to 10% Vdamp 
trv = Voltage Rise Time, 10-90% Vdamp 
tfi = Current Fall Time, 90-10% Ic 
ttj = Current Tail, 10-2% Iq 
tc = Crossover Time, 10% Vdamp 10% Iq 
A n enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PsWT=1/2Vcc'c<tc)f 

In general, trv ffi “ ^c- However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tsv) which are 
guaranteed at 100°C. 


INDUCTIVE SWITCHING 


FIGURE 9 - STORAGE TIME 


FIGURE 10 — CROSSOVER AND FALL TIMES 
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Iq, COLLECTOR CURRENT (AMPS) 


FIGURE 11 - THERMAL RESPONSE 


rJLTL 


DUTY CYCLE, D = ti/t2 


R0JC(t) = '■(t) R0JC 


R0JC= 10°C/W Max 


D Curves Apply For Power 


Pulse Train Shown 


Read Time At t] 


' J(pk) ~ ^C = P(pk) R0JC(t) 
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SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq — Vqe 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 1 2 is based on Tq - 25°C; Tj(pi^) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 2 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 4 

Tj(pk) may be calculated from the data in Figure 1 1. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. Thiscan be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 3 
gives the RBSOA characteristics. 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


IVIJ13330 

MJ13331 


Desigrriers Data Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ 13330 and MJ 13331 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line operated 
switchmode applications such as; 

• Switching Regulators ¥ 

• Inverters < 

• Solenoid and Relay Drivers < 

• Motor Controls • — ►( — • 

• Deflection Circuits j 

Fast Turn-Off Time q [ | ] 

75 ns Inductive Fall Time— 25°C (Typ) 

150 ns Inductive Crossover Time— 25°C (Typ) O 

900 ns Inductive Storage Time-25°C (Typ) i 

Operating Temperature Range -65 to +200^C 
100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ13330 

MJ13331 

Unit 

Collector-Emitter Voltage 

VCEO 

200 

250 

Vdc 

Collector-Emitter Voltage 

VCEV 

400 

450 

Vdc 

Emitter Base Voltage 

Veb 

6 

Vdc 

Collector Current — Continuous 
- Peak (1) 

•c 

ICM 

20 

30 

Adc 

Base Current — Continuous 
- Peak (1) 

■b 
• bm 

10 

20 

Adc 

Total Power Dissipation @ T^ = 25°C 
@ Tc = lOO^C 

Derate above 25°C 

Pd 

175 

100 

1 

Watts 

W/®C 

Operating and Storage Junction 
Temperature Range 

f jTstg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

1 

OC/W 

Maximum Lead Temperature for Soldering 
Purposes. 1/8" from Case for 5 Seconds 

Tl 

275 

°C 

(1 ) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. 


20 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

200 and 250 VOLTS 
175 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries - 
are given to facilitate "worst case" 
design. 



NOTES: 

1. DIMENSIONS 0 AND V ARE DATUMS. 

2. GS IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR MO UNTING HOLE 0: 
I -fl 0.1310.005) ®|t|v ®| 

FOR LEADS: 

l-fl 0.13(0.0051® t| V®|Q(g)| 

4. DIMENSIONS AND TOLERANCES PER ANSI Y14.5, 
1973. 


STYLE 1: 

PIN 1. BASE 
2. EMIHER 
CASE COLLECTOR 


DIM 

MILLW 

ETERS 

INC 

m 

MIN 

MAX 

MIN 

MAX 

A 

— 

39.37 

— 

1.550 

B 

— 

21.08 

— 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.151 

0.165 

R 

_ 

26.67 

_ 

1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.151 

0.165 


CASE 1>05 
TO-204AA 


Similar device types with higher Vq^q ratings are: MJ 13332 (350 V) thru MJ13335 (500 V). 
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MJ13330. MJ 13331 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted). 

Characteristic { Symbol | Min | Typ [ Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 

dC = 100 mA, Ib =0) MJ13330 

MJ13331 

VcEO(sus) 

200 

250 

_ 

- 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(VcEV ^ Rated Value, VBE(off) ~ ^ Vdc) 


- 


0.25 


(VcEV = Raled Value, VBE(off) = I -5 Vdc, Tq = 150°C) 


- 

- 

5 


Collector Cutoff Current 

•CER 

- 

- 

5 

mAdc 

(Vqe “ Rated V^gy, RbE “ ^0 n, Tf; = 100°C) 






Emitter Cutoff Current 

'ebo 

- 

1 

0.5 

mAdc 

(Veb = 6 Vdc, Ic =0) 



i 




SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

'S/b 

See Figure 12 


Clamped Inductive SOA with base reverse biased 

RBSOA 

See Figure 13 



ON CHARACTERISTICS (1) 


DC Current Gain 

dC = 5 Adc, Vqe ~ 5 Vdc) 
dC = 10 Adc, Vqe = 5 Vdc) 

hFE 

15 

8.0 

- 

75 

40 

- 

Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

dC = 10 Adc, Ib = 1 -5 Adc) 


- 

- 

1.5 


(Iq = 20 Adc, 1 b = 5 Adc) 


- 

- 

3.5 


dC = 10 Adc, Ib = 1 .8 Adc, Tc = 100°C) 


- 

- 

2.5 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dc = 10 Adc, Ib = 1-5 Adc) 


- 

_ 

1.8 


dC = 10 Adc, Ib = 1 -8 Adc, Jq = 100°C) 


- 


1.8 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

dc = 300 mAdc, Vqe = 10 Vdc, f^est = 1 MHz) 

fT 

5 

- 

40 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, ftest = 100 kHz) 

Cob 

1 

100 

- 

400 

PF 


SWITCHING CHARACTERSITICS 


Resistive Load (Table 1) | 

Delay Time 

(Vcc = 175 Vdc, Ic = 10 A, Ibi = 1-5 Adc, 
VBE(off) "" 5 Vdc, tp = 50 ms. Duty Cycle < 2%) 

td 

- 

0.08 

0.20 

MS 

Rise Time 

tr 

- 

0.55 

1.0 

MS 

Storage Time 

ts 

- 

0.70 

3.5 

MS 

Fall Time 

if 

- 

0.11 

0.7 

MS 

Inductive Load, Clamped (Table 1) 

Storage Time 

dc = 10 A(pk), Vciamp = 200 Vdc, Ibi = 1 .8 Adc, 
VBE(off) = 5Vdc,Tc = 100°C) 
dc = 10 A(pk), Vciamp = 200 Vdc, Ibi = 1.5 Adc, 
VBE(off) = 5Vdc,Tc=25°C) 

Isv 

- 

1 .35 

4.5 

MS 

Crossover Time 

Ic 

- 

0.45 

1.8 

MS 

Storage Time 

Isv 

- 

0.90 . 

- 

MS 

Crossover Time 

Ic 

- 

0.15 

- 

MS 

Fall Time 

tfi 

- 

0.075 

- 

MS 


(1 ) Pulse Test: PW = 300 ms. Duty Cycle < 2%. 
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MJ13330, MJ13331 


DC CHARACTERISTICS 



0.2 0.5 1.0 2.0 5.0 10 20 


IC, COLLECTOR CURRENT (AMP) 


FIGURE 3 - COLLECTOR-EMITTER 
SATURATION VOLTAGE 



0.2 0.5 1.0 2.0 5.0 10 20 


IC, COLLECTOR CURRENT (AMP) 


FIGURE 2 - COLLECTOR SATURATION REGION 



FIGURE 4 - BASE-EMITTER VOLTAGE 




,2 0 +0.2 +0.4 +0.6 


FIGURE 6 - OUTPUT CAPACITANCE 
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Vbe, BASE-EMITTER VOLTAGE (VOLTS) 


Vr, REVERSE VOLTAGE (VOLTS) 
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MJ13330, MJ13331 



TIME 


FIGURES - REVERSE BASE CURRENT 
versus BASE EMITTER VOLTAGE 



SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% Vdamp 
trv = Voltage Rise Time, 10-90% Vdamp 
tfj = Current Fall Time, 90 — 10% Iq 
tti = Current Tail, 10 — 2% Iq 
tc = Crossover Time, 10% Vdamp to 10% Ic 
An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PswT=1/2Vcclc('c>f 

In general, tpv + tfj — t^,. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and t^y) which are 
guaranteed at 1 00°C. 


RESISTIVE SWITCHING 



1.0 2.0 5.0 10 20 


Ic, COLLECTOR CURRENT (AMP) 


FIGURE 10 - TURN-OFF TIME 
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MJ13330, MJ13331 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



RESISTIVE SWITCHING 



Lcoil = SOmH Vcc= 10 V 

Rcoil = o.7n 






50 >100 12 


All Diodes - 1 N4934 ^30 S 

All NPN - MJE200 
All PNP - MJE210 

Adjust R1 to obtain Igi 

For switching and RBSOA, R2 = 0 

For VcEO(sus)< R2 = « 


Lcoii = 180 

Rcoil = 0.05 n 

Vcc = 20 V 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 


I I I ' 

j 1N4937 I I \ 1 

I T * J * 

Equivalent 1)1 




FIGURE 11 - THERMAL RESPONSE 


Test Equipment 
Scope - Tektronix 
475 or Equivalent 















Ic(pk). peak collector current (AMPS) Ij, COLLECTOR CURRENT (AMP) 


MJ13330, MJ13331 


SAFE OPERATING AREA INFORMATION 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 



FIGURE 13 - REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 



FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tc = 25°C; Tj(pi^) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tc ^ 25*^0. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

Tj(pk) rnay be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete RBSOA characteristics. 


FIGURE 14 - POWER DERATING 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


IVIJ13333 

MJ13335 




Sheet 


20 AMPERE 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 


NPN SILICON 
POWER TRANSISTORS 


The MJ13333 and MJ13335 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where 
fall time is critical. They are particularly suited for line operated 
switchmode applications such as: 

• Switching Regulators 

• Inverters \ 

• Solenoid and Relay Drivers V 

• Motor Controls ? 

• Deflection Circuits A 

Fast T urn-Off Times 

200 ns Inductive Fall Time— 25°C (Typ) O \~kl ) 

1 .8 /us Inductive Storage Time— 25°C (Typ) 

Operating Temperature Range -65 to +200°C y 

100°C Performance Specified for: ~ 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


400-500 VOLTS 
175 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries - 
are given to facilitate "worst case” 
design. 



MAXIMUM RATINGS 


Rating 

Collector-Emitter Voltage 
Collector-Emitter Voltage 
Emitter Base Voltage 
Collector Current — Continuous 
Peak (1 ) 

Base Current — Continuous 
Peak(l) 

Total Power Dissipation @ = 25°C 

@ Tc = 100°C 

Derate above 25°C 
Operating and Storage Junction 

Temperature Range 

THERMAL CHARACTERISTICS 


Symbol 

I 

1 IVIJ13333 

MJ13335 

Unit 

VCEO 

400 

500 

Vdc 

VCEV 

700 

800 

Vdc 

< 

m 

DP 

i 6.0 

Vdc 

'C 

20 

Adc 

ICM 

30 


'b 

10 

Adc 

•bm 

15 


Pd 

175 

Watts 


100 



1.0 

W/°C 

Tj. Tstg 

—65 to -e200 

°C 


Purposes: 1/8" from Case for 5 Seconds j 

(1 ) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. 

Similar device types available with lower Vq^q ratings, see the IVIJISSSO (200 V) 
MJ13331 (250 V). 



NOTES; 

1. DIMENSIONS 0 AND V ARE DATUMS. 

2. Gl] is seating plane and datum. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE 0: 

I 4 1 >.13 (0.005)© 1 T I V© I 

FOR LEADS. 

I 4 1 ri3 (0.005) ®T I V@ I 0®] 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 


STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE COLLECTOF 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

1.0 

°C/W 

Maximum Lead Temperature for Soldering 

Tl 

275 

°c 


MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 39.37 - 1.550 

B - 21,08 - 0.830 

C 6,35 7.62 0.250 0.300 


10.92 BSC 0,430 BSC 
5.46 BSC 0.215 BSC 
16.89 BSC 0.665 BSC 
11.181 12.19' 0.4401 0.480~ 
3.81 I 4.19' 0.1501 0J6T 


CASE 1-05 
TO-204AA 
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MJ13333, MJ13335 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic \ Symbol \ Min | Typ \ Max \ Unit [ 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) MJ13335 

dc = 100 mA, Ib = 0) MJ13333 

VcEO(sus) 

500 

400 

- 


Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(VcEv “ Rated Value, VBE(off) “ ^ 


- 

- 

0.25 


(VcEv “ Rated Value, VBE(off) = 1 .5 Vdc, Tc = 150°C) 

i 

- 

- 

5.0 


Collector Cutoff Current 

'CER 

- 


5.0 

mAdc 

(VcE = Rated VqeV- RbE = 50 n, Tq = 100°C) 






Emitter Cutoff Current 

'ebo 

- 


1.0 

mAdc 

(Veb = 6.0 Vdc, lc = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 12 

Clamped Inductive SO A with Base Reverse Biased 

RBSOA 

See Figure 1 3 


ON CHARACTERISTICS (1 ) 


DC Current Gain 

(IC = 5.0 Adc, VcE = 5.0 Vdc) 

hFE 

10 


60 


Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

dc = 10 Adc, Ib = 2.0 Adc) 


- 

- 

1.8 


dc = 20 Adc, Ib = 6.7 Adc) 


- 

- 

5.0 


dc = 10 Adc, Ib = 2.0 Adc, Tc = 100°C) 


- 

- 

2.4 


Base-Emitter Saturation Voltage 

V be (sat) 




Vdc 

dc = 10 Adc, Ib = 2.0 Adc) 


- 

- 

1.8 


dc = 10 Adc, Ib = 2.0 Adc, Tc = 100°C) 


- 

- 

1 .8 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Oob 

125 

- 

500 

pF 

(VcB = 10 Vdc, Ig = 0, ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) ] 

Delay Time 

(Vcc = 250 Vdc, Ic = 10 A, 

Ibi = 2.0 A, VBE(off) = 5.0 Vdc, tp = 10 ms. 

Duty Cycle < 2.0%) 

td 

- 

0.02 

0.1 

MS 

Rise Time 

tr 

- 

0.3 

0.7 

MS 

Storage Time 

ts 

- 

1.6 

4.0 

MS 

Fall Time 

tf 

- 

0.3 

0.7 

MS 

Inductive Load, Clamped (Table 1 ) | 

Storage Time 

dc = 10 A(pk), Vciamp “ 250 Vdc, Igi = 2.0 A, 
VBE(off) = 5Vdc,Tc = 100°C) 

tsv 

- 

2.5 

5.0 

MS 

Crossover Time 

^c 

- 

0.8 

2.0 

MS 

Storage Time 

dc = 10 A(pk), Vciamp = 250 Vdc, Ibi = 2.0 A, 
VBE(off) = 5 Vdc, Tc = 25°C) 

fsv 

- 

1.8 

- 

MS 

Crossover Time 

fc 

- 

0.4 

- 

MS 

Fall Time 

tfi 

- 

°:i-j 

- 

MS 


(1 ) Pulse Test: PW - 300 /us. Duty Cycle < 2% 
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Ic, COLLECTOR CURRENT l/iA) Vce- COLLECTOR-EMITTER VOLTAGE (VOLTS) ^ hpf, DC CURRENT GAIN 


MJ13333, IVIJ13335 



+ 0.2 + 0.4 + 0.6 


Vbe, base-emitter voltage (VOLTS) 


0 5.0 10 50 100 

Vr, REVERSE VOLTAGE (VOLTS) 





t.TIMEU) lB2(pk). base CURRENT (AMP) 


MJ13333, MJ13335 


SWITCHING TIMES NOTE 



TIME 


FIGURE 8 - REVERSE BASE CURRENT versus 
VBE(off) WITH NO EXTERNAL BASE RESISTANCE 



In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% Vdamp 
trv = Voltage Rise Time, 10-90% Vdamp 
tfj = Current Fall Time, 90—10% Iq 
tti = Current Tail, 10-2% Iq 
tc = Crossover Time, 10% Vdamp to 10% Iq 
A n enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PswT=1/2Vcclc<tc)^ 

In general, tpv + tfj — t^,. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a “SWITCHMODE" transistor are 
the inductive switching speeds (tc and which are 
guaranteed at 100°C. 


RESISTIVE SWITCHING PERFORMANCE 


FIGURE 9 - TURN-ON SWITCHING TIMES 



FIGURE 10 - TURN-OFF SWITCHING TIMES 



3-837 






MJ13333, MJ13335 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VcEO(sus) 


RBSOAAND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 


115 ’ 


sons Moon 


5.1 124- ^R2 p 2 
5W ^ X 


All Diodes - 1N4934 430 n 39 a j 

All NPN - MJE200 ’ * 

All PNP - MJE210 7:;250 mF 

Adjust R1 to obtain Ig^ 

For switching and RBgOA' ~ ® 
ForVcEO(sus)- R2 = « 


l-coil = 80 mH Vpc = 10 V 
•^coil = 0. 7 f2 


Lcoil = 180 aiH 
Rcoil = 0.05 n 
Vcc = 20 V 


Rg adjusted to attain d 


Pulse Width = ^0 Ids 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 


tut . 

1 I > ' 

o — ] 1N4937 1^1 

nput or I 2 1 Lcoil 



T est Equipment 
Scope — Tektronix 
475 or Equivalent 


tut m O 


FIGURE 11 - THERMAL RESPONSE 


i RiiJCd) ■ 1.0° C/W Max 
] D CURVES APPLY FOR POWER 
-{PULSE TRAIN SHOWN 
-I READ TIME At t, 

" Tj(pk) Tc --P(pk) Ritjc'’) 


0.02 0.03 0.05 0.1 0.2 0.3 0,5 1 


DUTY CYCLE, 0 = ti/t2 


t, TIME (ms) 





Ic(pk), peak collector current (AMPS) 


MJ13333, MJ13335 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 



FIGURE 13 - RBSOA, REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 



Vqe, collector-emitter voltage (VOLTS) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq-VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate, 

The data of Figure 12 is based on Tc = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 rnay be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete RBSOA characteristics. 


figure 14 - POWER DERATING 



0 40 80 120 160 200 

Tc, CASE temperature (OC) 


3-839 





MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


NPN 

MJ14000, IVIJ14002 

PNP 

MJ14001, IVU14003 


HIGH-CURRENT COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for use in high-power amplifier and switching circuit 
applications. 

• High Current Capability — Iq Continuous = 60 Amperes 

• DC Current Gain — hpE = 15- 100 @ Iq = 50 Adc 

• Low Collector-Emitter Saturation Voltage — 

VCE{sat) = 2.5 Vdc (Max) @ Iq = 50 Adc 


MAXIMUM RATINGS 




MJ14000 

MJ14002 


Rating 

Symbol 

MJ14001 

MJ14003 

Unit 

Collector-Emitter Voltage 

VcEO 

60 

80 

Vdc 

Collector-Base Voltage 

VCBO 

60 

80 

Vdc 

Emitter-Base Voltage 

vebo 

5 1 

Vdc 

Collector Current — Continuous 

'c 

60 

Adc 

Base Current — Continuous 

1b 

15 

Adc 

Emitter Current — Continuous 

lE 

75 


Total Power Dissipation @Tq = 25°C 

Pd 

300 

Watts 

Derate above 25°C 


’ 

.7 

W/°C 

Operating and Storage Junction 

Tj. Tstg 

1 -65to-»-200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rajc 

0.584 

°C/W 


FIGURE 1 - POWER DERATING 



60 AMPERES 

COMPLEMENTARY SILICON 
POWER TRANSITORS 

60-80 VOLTS 
300 WATTS 


80 120 160 
Tr, CASE TEMPERATURE (°C) 







NPN MJ14000, MJ14002 
PNP MJ14001, MJ14003 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic I Symbol I Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage ( 1 ) 

He = 200 mAdc, Ib = 0) 

MJ14000, MJ14001 
MJ14002, MJ14003 

VcEO(sus) 

60 

80 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mA 

(VcE = 30 Vdc, Ib =0) 

MJ14000, MJ14001 


- 

1.0 


(VcE = 40 Vdc, Ib = 0) 

MJ14402, MJ14003 


- 

1.0 


Collector Cutoff Current 


•CEX 



mA 

(VcE = 60 Vdc, VBE(off) = 1-5 V) 

MJ14000, MJ14001 


- 

1.0 


(Vce = 80 Vdc, VBE{off) = 1-5 V) 

MJ14002, MJ14003 


- 

1.0 


Collector Cutoff Current 


•CBO 



mA 

(Vcb = 60 Vdc, Ie = 0) 

MJ14000, MJ14001 


- 

1.0 


(VcB = 80 Vdc, Ie = 0) 

MJ14002, MJ14003 


- 

1.0 


Emitter Cutoff Current 


•ebo 

- 

1.0 

mA 

(Vbe = 5 Vdc, lc = 0) 







ON CHARACTERISTICS 


DC Current Gain (1 ) 

(IC = 25 Adc, VcE =3.0 V) 

{IC = 50Adc, Vce = 3.0V) 

(IC = 60 Adc, VcE = 3.0 V)’ 

hpE 

30 

15 

5 

100 


Collector-Emitter Saturation Voltage (1) 

VcE(sat) 



Vdc 

(IC = 25 Adc, Ib = 2.5 Adc) 


- 

1 


(IC = 50 Adc, Ib = 5.0 Adc) 


- 

2.5 


(IC = 60 Adc, Ib = 12 Adc) 


- 

3 


Base-Emitter Saturation Voltage (1 ) 

VBE(sat) 



Vdc 

{IC = 25 Adc, Ib = 2.5 Adc) 


- 

2 


dc = 50 Adc, Ib = 5.0 Adc) 


- 

3 


(Iq = 60 Adc, Ib = 12 Adc) 


- 

4 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

_ 

2000 

pF 

(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) 






(1 ) Pulse Test: Pulse Width = 300 ms. Duty Cycle < 2%. 


FIGURE 2 - MAXIMUM RATED FORWARD BIASED 
SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VcE. COLLECTOR - EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 2 is based on Tj(pk) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) ^200°C. Tj(p|^) may be 
calculated from the data in Figure13. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 
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VOLTAGE (VOLTS) VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 


NPN MJ14000, MJ14002 

PNP MJ14001, MJ14003 



TYPICAL ELECTRICAL CHARACTERISTICS 


NPN 


PNP 

MJ14000, MJ14002 

MJ14001, MJ14003 

FIGURE 3 - DC CURRENT GAIN 

FIGURE 4 - 

DC CURRENT GAIN 


isiSssIBHI 

■mi 


BBS 
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SSsS^SMBlBi 

HH HI HIH IHli H H H 1 



BiBii 



0,7 1.0 2.0 3.0 5.0 7.0 10 20 30 . 50 70 

IC, COLLECTOR CURRENT (AMPS) 



0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 5 - COLLECTOR SATURATION REGION 



FIGURE 6 - COLLECTOR SATURATION REGION 
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).1 0.2 0.3 0,5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IB, BASE CURRENT (AMPS) 


^ 0.8 — V IC = 10 A H 


).1 0,2 0,3 0,5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IB, BASE CURRENT (AMPS) 


FIGURE 7 - "ON " VOLTAGES 


FIGURE 8 - "ON " VOLTAGES 


VBE(sal) @ Ic/Ib = 10--- ^^4^ ^^ ■ 

L _. ... VBE(on) @ VcE=3.0 

VcE(sat) @ IC/lB = 10 

, N 4H!-^-t- rT ntir i I I Wi 

0.7 1.0 2,0 3.0 5.0 7.0 10 20 30 50 70 

IC, COLLECTOR CURRENT (AMPS) 


VBE(sat) ® IC/>B = 10 


VBE(on) @ Vce = 3.0 V 


VCE(sat) @ IC/lB = i0 


0.7 1.0 2,0 3.0 5,0 7.0 10 2i 

IC, COLLECTOR CURRENT (AMPS) 











r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) C, CAPACITANCE (pF) _ t, TIME (nS) 


NPN MJ14000, MJ14002 
PNP MJ14001, MJ14003 


FIGURE 9 - TURN-ON SWITCHING TIMES FIGURE 10 - TURN-OFF SWITCHING TIMES 




FIGURE 11 - CAPACITANCE VARIATION 
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MJ14001, MJ14003 (PNP 

1. I J.J ill LJ 



V 


1 






_J LJ 

lZ 








1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

Vr, reverse voltage (VOLTS) 


FIGURE 12 - SWITCHING TEST CIRCUIT 




FOR CURVES OF FIGURES 3 & 6, Rb & Rl ARE VARIED. 
INPUT LEVELS ARE APPROXIMATELY AS SHOWN. 

FOR NPN CIRCUITS, REVERSE ALL POLARITIES. 


FIGURE 13 - THERMAL RESPONSE 



t, TIME (ms) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


. NPN 

PNP 

” MJ15001 

MJ15002 


COMPLEMENTARY SILICON POWER TRANSISTORS 


The MJ15001 and MJ15002 are EpiBase power transistors designed 
for high power audio, disk head positioners and other linear 
applications. 


15 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

140 VOLTS 
200 WATTS 


• High Safe Operating Area (100% Tested) — 

200 W@ 40 V 
50 W @ 100 V 

• For Low Distortion Complementary Designs 

• High DC Current Gain — 

hpE = 25 (Min) @ Iq = 4 Adc 




MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Base Current — Continuous 


Emitter Current — Continuous 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Maximum Lead Temperature for Soldering 
Purposes: 1/16" from Case for <10s. 


Max Unit 


0.875 OC/W 



SEATING U_ 
PLANE 



1. DIAMETERS Q, V AND SURFACE T ARE DATUMS. 

2. POSITIONAL TOLERANCE FOR HOLE Q: 

[»| 0 0.25 (0.010) ® It Iv^ 

3. POSITIONAL TOLERANCE FOR LEADS: 

I" (D10O.3O(O!O12) (m)[t| V(g)|Q®| 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5,1973. style 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



MILLIMETERS 

INCHES 

DIM 

MIN 1 

MAX 

MIN MAX 


- 1 39.37 

1.550 

B 

_ 

21.08 

0.830 

C 

6.35 

7.62 

0.250 0.300 

0 

0.99 

1.09 

0.039 0.043 

E 

- 

3.43 

0.135 


30.15 BSC 
10.92 BSC 
5.46 BSC 
16.89 BSC 
11.18 I 12,19 

3.84 4,09 
26.67 

3.84 4.09 


3SC 1.187 BSC 

?SC 0,430 BSC 

?SC 0.215 BSC 

BSC 0.665 BSC 

12,19 0.440 1 0.480 

4.09 0,151 0,161 

26.67 - 1.050 

4.09 0,151 0.161 
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NPN MJ 15001 
PNP MJ15002 


HLECTRICAL characteristics (Tc = 25°C unless otherwise not^.) 


1 Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1 ) 

(Ir. = 200mAdc. Ir = 0) 

VcEO(sus) 

140 

- 

Vdc 

Collector Cutoff Current 

'CEX 

- 



( VcE “ 1 40 Vdc, V BE (off) = 1 .5 Vdc) 



100 

MAdc 

( VcE “ 140 Vdc, VBE(off) = 1 -5 Vdc, Tc = 150^0 



2 

mAdc 

Collector Cutoff Current 

•CEO 

- 

250 

MAdc 

(VcE = 140 Vdc, Ib = 0) 





Emitter Cutoff Current 

•ebo 

- 

100 

MAdc 

(Veb = 5 Vdc, Ic = 0) 





SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

•s/b 



Adc 

(VcE = 40 Vdc, t = 1 s (non-repetitive)) 


5 

- 


(VcE = 100 Vdc, t = Is (non-repetitive) 


0.5 

- 



ON CHARACTERISTICS 


DC Current Gain 

(IC = 4 Adc, VcE = 2 Vdc) 

hFE 

25 

150 

- 

Collector-Emitter Saturation Voltage 
dC =4 Adc, Ib = 0.4 Adc) 

VcE(sat) 

— 

1 

Vdc 

Base-Emitter On Voltage 
(Ic = 4 Adc, VcE = 2 Vdc) 

VBE(on) 

1 

2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

^T 

2 

- 

MHz 

(Ic = 0.5 Adc, VcE = 10 Vdc, ftest = 0.5 MHz) 





Output Capacitance 

(VcB = 10 Vdc, Ie = 0, ftest = 1 MHz) 

^ob 


1000 

PF 


(1 ) Pulse Test: Pulse Width = 300 ns, Duty Cycle < 2%. 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



There are two limitations on the powerhandling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic — Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 1 is based on Tj(p|<) = 200°C;Tc is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 
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V, VOLTAGE (VOLTS) hpE. OC CURRENT GAIN C, CAPACITANCE (pF) 


NPN MJ15001 
PNP MJ 15002 


TYPICAL CHARACTERISTICS 




Vr, REVERSE VOLTAGE (VOLTS) IC, COLLECTOR CURRENT (AMP) 


FIGURE 4 - DC CURRENT GAIN 



0.2 0.3 0.5 0.7 1 2 3 5 7 10 20 

IC, COLLECTOR CURRENT (AMP) 


MJ 15002 



5 


3 

2 1 11111 1 11 1 -. 

0.2 0.3 0.5 0.7 1 2 3 5 7 10 

IC, COLLECTOR CURRENT (AMP) 


FIGURE 5 - “ON" VOLTAGE 


MJ15001 



IC, COLLECTOR CURRENT (AMP) 


MJ15002 







MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



COMPLEMENTARY SILICON POWER TRANSISTORS 

The MJ15003 and MJ15004 are PowerBase power 
designed for high power audio, disk head positioners 
linear applications. 

transistors 

and other 

• High Safe Operating Area (100% Tested) — 

250 W @ 50 V 


• For Low Distortion Complementary Designs 


• High DC Current Gain — 

hpE 25 (Min) @ Iq = 5 Adc 



20 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

140 VOLTS 
250 WATTS 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

140 

Vdc 

Collector-Base Voltage 

VCBO 

140 

Vdc 

Emitter-Base Voltage 

Vebo 

5 

Vdc 

Collector Current — Continuous 

'c 

20 

Adc 

Base Current — Continuous 

'b 

5 

Adc 

Emitter Current — Continuous 

lE 

25 

Adc 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

Pd 

250 

1.43 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 

Tj'^stg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

0.70 

oc/w 

Maximum Lead Temperature for Soldering 
Purposes: 1/16” from Case for <10s. 

Tl 

265 

OC 




1. DIAMETERS Q, V AND SURFACE TARE DATUMS. 

2. POSITIONALTOLERANCE FOR HOLE Q: 

1^10 0.25 (0.010) @lT|\r^ 

3. POSITIONALTOLERANCE FOR LEADS: 

[010 0.30 (0.012)(m)|t1v@|Q®| 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5,1973. style 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

- 

1.550 

B 

- 

21.08 


0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

nr 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 

V 

3.84 

4.09 

0.151 

0.161 


CASE 11-01 
TO-204AA 
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NPN MJ15003, PNP MJ15004 


*ELECTRICAL CHARACTERISTICS (Tc = 25®C unless otherwise noted.) 

( Characteristic ( Symbol [ Min | Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
dC 200 mAdc, Ib - 0) 

VcEO(sus) 

140 

_ 

Vdc 

Collector Cutoff Current 

'CEX 




( VcE = I^O Vdc, VBEfoff) = ■'•5 Vdc) 


100 

MAdc 

( VcE = “'^0 Vdc, VBE(off) = 1 ^ Vdc, T^ = 150°C) 


- 

2 

mAdc 

Collector Cutoff Current 
(Vqe = 140 Vdc, Ib 0) 

'CEO 


250 

MAdc 

Emitter Cutoff Current 
(Veb = 5 Vdc, Ic = 0) 

'ebo 

. ■- 

100 

MAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 



Adc 

(VcE 50 Vdc, t - 1 s (non-repetitive) 


5 

- 


(Vce ~ 100 Vdc, t = 1 s (non-repetitive) 


1 

- 



ON CHARACTERISTICS 


DC Current Gain 

dC = 5 Adc, Vce = 2 Vdc) 

l^FE 

25 

150 


Collector-Emitter Saturation Voltage 
dC = 5 Adc, Ib = 0.5 Adc) 

VcE(sat) 

" 

1 

Vdc 

Base-Emitter On Voltage 

(Iq = 5 Adc, Vce "" 2 Vdc) 

VBE(on) 


2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product 

^T 



MHz 

dc - 0.5 Adc, Vce " 10 Vdc, ftest ^ 0.5 MHz) 


2 

- 


Output Capacitance 

(VcB = 10 Vdc, Ie = 0, ftest = 1 M^z) 

Cob 


1000 

pF 


(1 ) Pulse Test: Pulse Width = 300 ms, Duty Cycle - 2%. 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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3 5 7 10 20 30 50 70 100 150 200 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the powerhandling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — limits of the tran- 
sistor that must be observed for reliable operation; i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 1 is based on Tj(pk) = 200°C; Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown, 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


NPN 

MJlSOll 

PNP 

MJ15012 


Aclva.iice Information 


COMPLEMENTARY SILICON POWER TRANSISTORS 

The MJ15011 and MJ15012 are PowerBase power transistors 
designed for high-power audio, disk head positioners, and other 
linear applications. These devices can also be used in power 
switching circuits such as relay or solenoid drivers, dc-to-dc 
converters or inverters. 

• High Safe Operating Area (100% Tested) 

1 .2 A @ 1 00 V 

• Completely Characterized for Linear Operation 

• High DC Current Gain and Low Saturation Voltage 

hFE = 20 (Min) @ 2 A, 2 V 

VcE(sat) = 2.5 V (Max) @ Ic = 4 A, Ib = 0.4 A 

• For Low Distortion Complementary Designs 


10 AMPERE 

COMPLEMENTARY 
POWER TRANSISTORS 

250 VOLTS 
200 WATTS 



MAXIMUM RATINGS 


Temperature Range 

THERMAL CHARACTERISTICS 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

250 

Vdc 

Collector-Emitter Voltage 

VCEX 

250 

Vdc 

Emitter-Base Voltage 

< 

m 

03 

5 

Vdc 

Collector Current — Continuous 

•c 

10 

Adc 

-Peak (1) 

•cm 

15 


Base Current — Continuous 

•b 

2 

Adc 

-Peakd) 

•bm 

5 


Emitter Current — Continuous 

•e 

12 

Adc 

- Peak (1 ) 

•em 

20 


Total Power Dissipation @ Tq = 25°C 

Pd 

200 

Watts 

Derate above 25°C 


1.14 

W/^C 

Operating and Storage Junction 

Tj, Tstg 

-65 to +200 

°C 



NOTES: ^ ^ 

1. DIAMETERS Q, V AND SURFACE T ARE DATUMS. 

2. POSITIONAL TOLERANCE FOR HOLE Q: 

1^1 0 0.25 (0.010) (m)|t|v®1 

3. POSITIONALTOLERANCE FOR LEADS: 

I (tl|0Q.3O(O.O12)®|T|v®|Q®| 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5,1973. STYLE!: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

0.875 

°C/W 

Maximum Lead Temperature for 

Tl 

265 

"C 



MILLIMETERS 

INCHES 

DIM 

MIN MAX 

MIN MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

6.35 7.62 

0.250 0.300 

0 

0.99 1.09 

0.039 0.043 

E 

3.43 

0.135 


Soldering Purposes 

(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle ’ 


5.46 BSC 0,215 BSC 

16.89 BSC 0.665 BSC 


11.18 

12.19 

0.440 

0.480 

3 84 

4.09 

0.151 

0.161 

_ 

26.67 

_ 

1.050 

3.84 

4,09 

0.151 

0.161 


CASE 11 01 
TO-204AA 


(1) These ratings are applicable when surface mounted on the minimum pad size recommended. 
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hpE, DC CURRENT GAIN 


NPN MJ15011, PNP MJ15012 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
dC = 100 mA) 

V(BR)CE0 

250 

- 

Vdc 


Collector Cutoff Current 
(Vce = 200 Vdc) 

•CEO 

- 

1 

mAdc 


Collector Cutoff Current 

(Vce = 250 Vdc, VBE(off) = 1-5 Vdc) 

•CEX 

- 

500 

MAdc 


Emitter Cutoff Current 
(Vbe = 5 Vdc) 

•ebo 


500 

MAdc 



ON CHARACTERISTICS (1) 



DYNAMIC CHARACTERISTICS 



SECOND BREAKDOWN 



(1 ) Pulse Test: Pulse Width = 300 ms, Duty Cycle < 2% 


FIGURE 1 - DC CURRENT GAIN FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 



Iq, collector current Vce- collector-emitter voltage (VOLTS) 





MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



MJ15015, NUlSOie 
See Page 3-9 


NPN 

MJ15022, MJ15024 


SILICON POWER TRANSISTORS 


The MJ15022 and MJ15024 are PowerBase power 
designed for high power audio, disk head positioners 
linear applications. 

transistors 

and other 

• High Safe Operating Area (100% Tested) — 

2 A @ 80 V 


• High DC Current Gain — 

hpE = 15 (Min) @ Ic = 8 Adc 



16 AMPERE 

SILICON 

POWER TRANSISTORS 

200 and 250 VOLTS 
250 WATTS 



MAXIMUM RATINGS 

Rating 

Symbol 

MJ 15022 

MJ 15024 

Unit 

Collector-Emitter Voltage 

VCEO 

200 

250 

Vdc 

Collector-Base Voltage 

VCBO 

350 

400 

Vdc 

Emitter-Base Voltage 

vebo 

5 

Vdc 

Collector-Emitter Voltage 

VCEX 

400 

Vdc 

Collector Current — Continuous 

•c 

16 

Adc 

Peak (1 ) 


30 


Base Current — Continuous 

'b 

5 

Adc 

Total Power Dissipation @ Tq = 25°C 

Pd 

250 

Watts 

Derate above 25°C 


1.43 

W/°C 

Operating and Storage Junction 

Tj. Tstg 

-65 to +200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 

Characteristic ' 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

0.70 

°C/W 

(1 ) Pulse Test; Pulse Width = 5 ms. Duty Cycle < 10%. 


A - 

-B - 


Twl 



1. DIAMETER V AND SURFACE W ARE DATUMS. 

2. POSITIONAL TOLERANCE FOR HOLE Q: 

l-f I (/> 0.25 (0.010) ® I W|V~^ 


3. POSITIONAL TOLERANCE 

FOR LEADS: 

I? 

(/. 0.30 (0.012) ® 

W| V ®| Q ®| 




DIM 

MILUN 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

— 

39.37 

_ 

1.550 

B 

— 

21.08 

’ _ 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.15 BSC 

1.187 

BSC 

G 

10.92 BSC 

0.430 

BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.151 

0.165 

R 

— 

26.67 

_ 

1.050 

U 

2.54 

3.05 

0.100 

0.120 

V 

3.81 

4.19 

0.151 

0.165 


CASE 1-04 
TO-204AA 
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NPN MJ15022, MJ15024 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

I Cheractefistic { Symbol j Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
dc = 100 mAdc, Ib = 0) 

MJ15022 

MJ15024 

VcEOIsus) 

200 

250 

- 


Collector Cutoff Current 


•CEX 




(VcE ~ 200 Vdc, VgEloff) “ ^ 

MJ 15022 


- 

250 

MAdc 

(VcE = 250 Vdc, VBE(off) = 1 -5 Vdc) 

MJ 15024 


- 

250 


Collector Cutoff Current 


'CEO 



MAdc 

(VcE = 150 Vdc, Ib = 0) 

MJ15022 


- 

500 


(Vqe = 200 Vdc, Ib = 0) 

MJ 15024 


- 

500 


Emitter Cutoff Current 


•ebo 

- 

500 

MAdc 

(VcE 5 Vdc, Ib = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 



Adc 

(Vqe 50 Vdc, t = 0.5 s (non-repetitive)) 

5 

- 


(VcE = 80 Vdc, t = 0.5 s (non-repetitive)) 


2 

- 



ON CHARACTERISTICS 


DC Current Gain 

(Iq = 8 Adc, Vqb = 4 Vdc) 
dc = 16 Adc, VcE = 4 Vdc) 

hpE 

15 

5 

60 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dc = 8 Adc, Ib = 0.8 Adc) 


- 

1.4 


dc = 16 Adc, Ib = 3.2 Adc) 


- 

4.0 


Base-Emitter On Voltage 

VBE(on) 

- 

2.2 

Vdc 

dc = 8 Adc, VcE = 4 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

dc = 1 Adc, VcE = 10 Vdc, ftest = 1 MHz) 


4 

- 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, ftest = ^ MHz) 

Oob 


500 

pF 


(1 ) Pulse Test: Pulse Width = 300 ns, Duty Cycle < 2%. 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the powerhandling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic - Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 1 is based on Tj(pk) = 200 ®C;Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 
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hpE, DC CURRENT GAIN C, CAPACITANCE (pF) 


NPN MJ15022, MJ15024 


FIGURE 2 - CAPACITANCES 


TYPICAL CHARACTERISTICS 

FIGURE 3 - CURRENT-GAIN-BANDWIDTH PRODUCT 





0.2 0.5 1.0 2.0 5.0 10 20 

IC, COLLECTOR CURRENT (AMPS) 



0.2 0.5 1.0 2.0 i 

IC, COLLECTOR CURRENT (AMPS) 



0.03 0.1 0.2 0.5 1.0 2.0 5.0 10 30 

Ib, BASE CURRENT (AMPS) 






MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


PNP 

IVIJ15023 

MJ15025 


SILICON POWER TRANSISTORS 


16 AMPERE 

SILICON 

POWER TRANSISTORS 


The MJ 15023 and MJ15025 are PowerBase power transistors 
designed for high power audio, disk head positioners and other 
linear applications. 


200 and 250 VOLTS 
250 WATTS 


• High Safe Operating Area (100% Tested) - 

2 A @ 80 V 

• High DC Current Gain — 

hFE~15(Min)@lc = 8 Adc 



MAXIMUM RATINGS 



Rating 

Symbol 

MJ 15023 MJ15025 

Unit 

Collector-Emitter Voltage 

VCEO 

200 250 

Vdc 

Collector-Base Voltage 

VCBO 

350 400 

Vdc 

Emitter-Base Voltage 

vebo 

5 

Vdc 

Collector-Emitter Voltage 

VCEX 

400 

Vdc 

Collector Current — Continuous 

Peak (1 ) 

'c 

i 

16 

30 

Adc 

Base Current — Continuous 


5 

Adc 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

250 

1.43 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj. Tstg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case F 

( 1 ) Pulse Test: Pulse Width = 5 ms, Duty Cycle 10%. 



F ^ 


Q-n. 


/-V 



e 



H ^ 



R 

1 


V ^ 



U-/ 




STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE; COLLECTOR 


NOTE; 

1. DIM "0“ IS DIA, 


MILLIMETERS INCHES 
I DIM I MIN I MAX I MIN | MAX 
1.550 
0.830 

UW 

0.043 
0.070 
BSC 
BSC 
BSC 
BSC 
0.480 
0.165 
1.050 
0.120 
0.165 


■gTil UniliinTlI 

■niiigiTHiMMnncTiri 

■BIUSSiKBEE] 

nuFifcKjtninmii B 

— KrgiVl— ■ 
glTl»ini^liITiTilB 


CASE 1-04 
TO-204AA 
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MJ15023, MJ15025 


ELECTRICAL characteristics (Tc = 25°C unless otherwise noted.) 

( Cherecteriftic | Symbol | Min \ Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

Uc = 100 mAdc, Ib = 0) 

MJ 15023 

MJ15025 

VcEO(sus) 

200 

250 

- 


Collector Cutoff Current 


■CEX 



■■■■■■ 

(VcE = 200 Vdc, VBE(off) = 1 -5 Vdc) 

MJ15023 


- 

250 


(VcE = 250 Vdc, VBE(off) * 1 -5 Vdc) 

MJ 15025 


- 

250 


Collector Cutoff Current 


'CEO 




(VcE = 150 Vdc, Ib =0) 

MJ15023 


- 

500 


(VcE =200 Vdc, Ib =0) 

MJ15025 


- 

500 

HBHI 

Emitter Cutoff Current 


•ebo 

- 

500 


(Vqb =l5|Vdc, Ib = 0) 

Both 






SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 




Adc 

(Vqe = 50 Vdc, t = 0.5 s (non-repetitive)) 


5 

- 


(VcE = 80 Vdc, t = 0.5 s (non-repetitive)) 


2 

- 



ON CHARACTERISTICS 


DC Current Gain 

dc = 8 Adc, VcE = 4 Vdc) 
dc = 16 Adc, VcE =4 Vdc) 

hFE 

15 

5 

60 


Col lector- Emitter Saturation Voltage 

VCE(sat) 



Vdc 

dc = 8 Adc, Ib = 0.8 Adc) 


- 

1.4 


dc = 16 Adc, Ib = 3.2 Adc) 


- 

4.0 


Base-Emitter On Voltage 


- 

2.2 

Vdc 

dc = 8 Adc, VcE = 4 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product 

dc = 1 Adc, VcE = 10 Vdc, ftest = 1 MHz) 

It 

4 

- 

MHz 

Output Capacitance 

(Vcb = 10 Vdc, Ie = 0, ftest = 1 MHz) 

Cob 

■ 

600 

PF 


(1) Pulse Test; Pulse Width = 300 ms. Duty Cycle < 2%. 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the powerhandling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 1 is based on Tj{pk) = 200 ®C;Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 
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hpE, DC CURRENT GAIN C, CAPACITANCE (pp) 


MJ15023, MJ15025 


TYPICAL CHARACTERISTICS 


FIGURE 2 - CAPACITANCES 



FIGURE 3 - CURRENT-GAIN-BANDWIDTH PRODUCT 



Iq. collector current (AMPS) 



0.2 0.5 1.0 2.0 5.0 10 20 


IC, COLLECTOR CURRENT (AMPS) 



0.1 0.5 1.0 2.0 5.0 10 

IC, COLLECTOR CURRENT (AMPS) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


IVIJ16002 

MJ16004 


Designers Data Sheet 


SWITCHMODE III SERIES 
NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time iscritical. They 
are particularly suited for line-operated switchmode applications. 
The MJ16004 is a selected high-gain version of the MJ16002 for 
applications where drive current is limited. 

Typical Applications: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

• Fast Turn-Off Times 

50 ns Inductive Fall Time — 75°C (Typ) 

70 ns Inductive Crossover Time — 75°C (Typ) 

500 ns Inductive Storage Time — 75°C (Typ) 

• Operating Temperature Range -65 to +200°C 

• 100°C Performance Specified for; 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


Rating 

Symbol 

Max 

Unit 

Collector-Emitter Voltage 

VCEO 

450 

Vdc 

Collector-Emitter Voltage 

VcEV 

850 

Vdc 

Emitter Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

— Peak(1) 

•cm 

10 


Base Current — Continuous 

•b 

4.0 

Adc 

— Peak(1) 

•bm 

8.0 


Total Power Dissipation @ T^ = 25°C 

Pd 

125 

Watts 

@Tc=100°C 


71.5 


Derate above 25°C 


0.714 

W/°C 

Operating and Storage Junction 

Tj, Tstg 

-65 to +200 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R6»JC 

1.4 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes; 1/8" from Case for 5 Seconds 

Tl 

275 


(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. 




5 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
1 25 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
"worst case" design. 




1. DIMENSIONS Q AND V ARE DATUMS. 

2. [T] IS SEATING PLANE AND DATUM, 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q: 

I i I ».13 (0.005) @ I T |V^ 

FOR LEADS: 

I 4 I ».13 (0.005) ©T I V® I a®| 


4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 1 MAX 

A 

- 

39.37 

1.550 

B 

- 

21.08 

0.830 

C 

6.35 

7.62 

0.250 0.300 

u 

0.97 

1.09 

0.038 1 0.043 

E 

1.40 

1.78 

0.0551 0.070 

F 

30.1 

BSC 

1.187 BSC 

G 

10.9 

BSC 

0.430 BSC 

H 

5.4 

BSC 

0.215 BSC 

J 

16.8! 

BSC 

0.665 BSC 

K 

11.18 1 

12,19 

0.440 1 0.480 

Q 

3.81 1 

4.19 

0.150 0.165 

R 


26.67 

1.050 

U 

4.83 

5.33 

0.190 0.210 


3.81 

4.19 

0.150 1 0.165 


CASE 1-05 
TO-204AA 
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MJ16002, MJ 16004 


MJ16002 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage (Table 2) 

(lc= 100 mA, Ib = 0) 

VcEO(sus) 

450 

— 

— 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(VcEV = 850 Vdc, VBE(off) = ^ 5 Vdc) 


— 

— 

0.25 


(VcEV = 850 Vdc, VBE(off) = ^ 5 Vdc, Tq = 100°C) 


— 

— 

1.5 


Collector Cutoff Current 

•CER 

— 

— 

2.5 

mAdc 

(VcE = 850 Vdc, Rbe = 50 Cl, Tq = 100°C) 






Emitter Cutoff Current 

•ebo 

— 

— 

1.0 

mAdc 

(Veb = 6.0 Vdc, Ic = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 

See Figure 1 5 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 16 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(IC= 1.5 Adc, Ib = 0.2 Adc) 
dC = 3.0 Adc, Ib = 0.4 Adc) 
dC = 3.0 Adc, Ib = 0.4 Adc, Jq ^ 1 00°C) 

VcE(sat) 

- 

- 

1.0 

2.5 

2.5 

Vdc 

Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC= 3.0 Adc, Ib = 0.4 Adc) 


— 

— 

1.5 


dC = 3.0 Adc, Ib = 0.4 Adc, Tq = 1 0O^C) 


— 

- 

1.5 


DC Current Gain 

f^FE 

5.0 

— 

— 

— 

dC= 5.0 Adc, VcE= 5.0 Vdc 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

C^ob 

- 

— 

200 

pF 

(VcB = 1 0 Vdc, Ie = 0, ftest = 1 0 kHz) | 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

(lc= 3.0 Adc. 

Vcc =250 Vdc, 

Ibi = 0.4 Adc, 

PW = 30 MS, 

Duty Cycle ^2.0%) 

(IB2 = 0.8 Adc, 

RB2 = 8.0n) 

td 

_ 

30 

100 

ns 

Rise Time 


— 

100 

300 

Storage Time 

ts 

— 

1000 

3000 

Fall Time 

tf 

— 

60 

300 

Storage Time 

(VBE(off) = 5.0 Vdc) 

Is 

— 

400 

— 

Fall Time 

tf 

- 

130 

- 

Inductive Load (Table 2) | 

Storage Time 

(IC= 3.0Adc, 

Ibi = 0.4 Adc, 

VBE(off) = 5.0 Vdc, 
VcE(pk) = 400Vdc) 

(Tj= 100°C) 

tsv 


500 

1600 

ns 

Fall Time 

tfi 


100 

200 

Crossover Time 

tc 

— 

120 

250 

Storage Time 

(Tj= IBO'^C) 

tsv 

— 

600 

— 

Fall Time 

tfi 

— 

120 

— 

Crossover Time 

tc 

— 

160 

- 


(1 ) Pulse Test; PW - 300 ns. Duty Cycle ^2%. 



3-859 








MJ16002, MJ16004 


MJ16004 

ELECTRICAL CHARACTERISTICS (Tc= 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max [ Unit 


OFF CHARACTERISTICS (1 ) 


Collector-Emitter Sustaining Voltage (Table 2) 

(IC= 100 mA, Ib = 0) 

VcEO(sus) 

450 

— 

— 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(VcEV = 850 Vdc, VBE(off) = 1 5 Vdc) 


— 

— 

0.25 


(VcEV = 850 Vdc, VBE(off) = 1 -8 Vdc, Tc = 1 00°C) 


— 

— 

1.5 


Collector Cutoff Current 

•CER 

— 


2.5 

mAdc 

(VcE = 850 Vdc, Rbe = 50 H, Tq = 1 00°C) 






Emitter Cutoff Current 

>EBO 

— 

— 

1.0 

mAdc 

(Veb = 6.0 Vdc, Ic = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 

See Figure 15 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 16 


ON CHARACTERISTICS (1 ) 


Collector-Emitter Saturation Voltage 
(lc= 1.5 Adc, Ib = 0.15 Adc) 

(IC= 3.0 Adc, Ib = 0.3 Adc) 

dC = 3.0 Adc, Ib = 0.3 Adc, Tc = 1 00°C) 

VcE(sat) 



1.0 

2.5 

2.5 

Vdc 

Base-Emitter Saturation Voltage 

VBE(sat) 


' 


Vdc 

(IC = 3.0Adc, lB = 0.3Adc) 


— 

— ■ 

1.5 


dC = 3.0 Adc, Ib = 0.3 Adc, Jq = 1 00°C) 


— 

— 

1.5 


pc Current Gain 

hFE 

7.0 

— 

— 

— 

dC = 5.0 Adc, VcE = 5.0 Vdc 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Oob 

— 

— 

200 

pF 

(VcB = 1 0 Vdc, Ie = 0, ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

(IC = 3.0 Adc, 

Vcc = 250 Vdc, 

Ibi = 0.3 Adc, 
PW=30/xs, 

Duty Cycle ^2.0%) 

(IB2 = 0.6 Adc, 

RB2 = 8.0n) 

Id 

. - 

30 

100 

ns 

Rise Time 

tr 

— 

130 

300 

Storage Time 

ts 

■ — 

800 

2700 

Fall Time 

tf 

— 

80 

350 

Storage Time 

<VBE(off) = 8.0 Vdc) 

*s 

— 

250 


Fall Time 

tf 

— 

60 

- 

Inductive Load (Table 2) . | 

Storage Time 

(IC= 3.0 Adc, 

Ibi = 0.3 Adc, 

VBE(off)= S.OVdc, 
VCE(pk)=400Vdc) 

(Tj=100°C) 

tsv 

- 

400 

1300 

ns 

Fall Time 

tfi 

— 

80 

150 

Crossover Time 

tc 

— 

90 

200 

Storage Time 

(Tj=150°C) 

tsv 

— 

450 

— 

Fall Time 

tfi 

— 

100 

— 

Crossover Time 

tc 

— ■ 

110 

— 


(1 ) Pulse Test: PW - 300 ns, Duty Cycle <2%. 
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TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 7 - STORAGE TIME 


FIGURE 8 - STORAGE TIME 


-VBE(off) = 0V- : 

— — ———— -VBE(off) = 2.0V 

— — — — - — ZVBE(off) = 5.0 V : 

/3f = 5 

Tj = 75°C ^ 

Vcc - 20 V 

I [ , - 1 ...j L ^ 

5 0.7 1.0 2.0 3.0 

IC, COLLECTOR CURRENT (AMPS) 


- VBE(oft) = 0 V 

■ ' VBE(off) - 2.0 V : 


-)3f=10 - 

. Tj = 75°C _ 
- Vcc = 20V_ 


- VBE(off) = 5.0 V - 


0.5 0.7 1.0 2.0 3.0 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 9 - COLLECTOR CURRENT FALL TIME 

^ ^ 



- 5 VBE(of 

Tj = 75°C 1 

Vcc = 20 V 

J J 

5 0.7 1.0 2.0 3.0 

IC. COLLECTOR CURRENT (AMPS) 




t=i= 

— 





. 









V 





Bt(on) « • 
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''BE(oft) - 
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FIGURE 10 - COLLECTOR CURRENT FALL TIME 
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At 
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VnE/nff) 

/ 

= 5.0 V - 
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0.5 0.7 1.0 2.0 3.0 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 1 1 - CROSSOVER TIME 


FIGURE 12 - CROSSOVER TIME 





:VBE(off) = 2.0V^^ 

H VBE(off) = 5.0 V ' 


0.5 0.7 1.0 2.0 3.0 

IC, COLLECTOR CURRENT (AMPS) 


50 



"TTI 








_ Tj - 75°C 

20 



^ Vcc = 20 V 

10 



l-.i-.l-i-, 



VBE(off) = 0V 


-)8f=10 - 

_ Tj = 75°C . 
. Vcc = 20 V. 


-VBE(off) = 2.0V-^=^j 

-I — - — [- VBE(off) = 5.0 V 


0.5 0.7 1.0 2.0 3.0 

IC, COLLECTOR CURRENT (AMPS) 







Iq, collector current (AMPS) 
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TIME 



VBE(off). reverse base VOLTAGE (VOLTS) 


GUARANTEED SAFE OPERATING AREA LIMITS 


FIGURE 15 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 


FIGURE 16 - MAXIMUM REVERSE BIAS 
SAFE OPERATING AREA 




VCE(pk). peak COLLECTOR-EMIHER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor; average junction temperature and second 
breakdown. Safe operating area curves indicate Ic — VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 15 is based on Tq = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated whenTc^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 5 may be found 
at any case temperature by using the appropriate curve on 
Figure 18. 

Tj(pk) may be calculated from the data in Figure 17. 
At high case temperatures, thermal limitations will reduce 


the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 6 
gives the RBSOA characteristics. 
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TABLE 2 - INDUCTIVE LOAD SWITCHING 


_ *-coil (*Cpk) 

^ ^ Vcc 

Ti adjusted to obtain lc(pk) 

VcEO(sus) 

L= 10 mH 
RB2 = 

Vqq = 20 Volts 



Rgl selected for desired Ibi Rbi selected for desired Igi 


Tektronix 
P-6042 or 
Equivalent 


Scope - Tektronix 
7403 or 

Equivalent Note; Adjust -V to obtain desired VBE(off) 


TYPICAL INDUCTIVE SWITCHING WAVEFORMS 


*sv 





•C(pk)= 3.0 Amps 
Ibi = 0.3 Amp 
VBE(off) = 5.0 Volts 
VcE(pk) = 300 Volts 
Tc = 25°C 
Time Base = 

20 ns/cm 

‘C(pk) = 3.0 Amps 
Ibi = 0.3 Amp 
VBE(off) = 5.0 Volts 
VcE(pk) = 300 Volts 
Tc = 25°C 
Time Base = 

20 ns/cm 



3 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


MJ16002A 

MJH16002A 


Designer's Data Sheet 

NPN Silicon Power Transistors 

1 kV Switchmode III Series 


These transistors are designed for high-voltage, high-speed, power switching in 
inductive circuits where fall time is critical. They are particularly suited for line- 
operated switchmode applications. 


Typical Applications: 

• Switching Regulators 

• Inverters 

• Solenoids 

• Relay Drivers 

• Motor Controls 

• Deflection Circuits 


Features: 

• Collector-Emitter Voltage — V^EV = 1000 Vdc 

• Fast Turn-Off Times 

100 ns Inductive Fall Time -100X (Typ) 

120 ns Inductive Crossover Time -100°C (Typ) 
500 ns Inductive Storage Time -100°C (Typ) 

• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Load 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

• Extended FBSOA Rating Using Ultra-fast 

Rectifiers 

• Extremely High RBSOA Capability 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ16002A 

MJH16002A 

Unit 

Collector-Emitter Voltage 

VCEO 

500 

Vdc 

Collector-Emitter Voltage 

VCEV 

1000 

Vdc 

Emitter-Base Voltage 

Veb 

6 

Vdc 

Collector Current — Continuous 

'C 

s 


Adc 

— Peak(1) 

ICM 

10 


Base Current — Continuous 

Ib 

4 

Adc 

— Peakd) 

Ibm 

8 


Total Power Dissipation @ Tq = 25°C 

Pd 

125 

100 

Watts 

@ Tc = 100°C 


71.5 

40 


Derate above Tq = 25°C 


0.714 

0.833 

W/°C 

Operating and Storage Junction 

Tj' Tstg 

-65 to 200 

-55 to 150 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

1.40 1.25 

X/W 

Lead Temperature for Soldering 

Purposes: 1/8" from Case for 

5 Seconds 

Tl 

275 

X 


(1) Pulse Test; Pulse Width = 5 ms, Duty Cycle « 10%. 


POWER TRANSISTORS 
5 AMPERES 
500 VOLTS 
125 and 100 WATTS 




CASE 1-05 
TO-204AA 
MJ16002A 



CASE 340-01 
TO-218AC 
MJH16002A 


Designer's Data for "Worst Case" Conditions — The Designer's Data Sheet permits the design of most circuits entirely from the information 
presented. Limit curves — representing boundaries on device characteristics — are given to facilitate "worst case" design. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic | Symbol 

Min 1 Typ 

Max 

Unit 

OFF CHARACTERISTICS^) 

Collector-Emitter Sustaining Voltage (Table 1) 
dC = 100 mA, Ib = 0) 

VcEO(sus) 

500 

— 


Vdc 

Collector Cutoff Current 
(VCEV = 1000 Vdc, VBE(off) = 1-5 Vdc) 

(VcEV = 1000 Vdc, VBE(off) = 1-5 Vdc, Tq = lOOX) 

'CEV 

- 

0.003 

0.020 

0.15 

1.0 

mAdc 

Collector Cutoff Current 
(VcE = 850 Vdc, Rbe = 50 a, Tq = 100°C) 

'CER 

— 

0.020 

1.0 

mAdc 

Emitter Cutoff Current 
(Veb = 6 Vdc, Ic = 0) 

>EBO 

1 

— 

— 

0.15 

mAdc 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

•s/b 

See Figure 14a or 14b 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 15 


ON CHARACTERISTICS^) 


Collector-Emitter Saturation Voltage 
dC = 1.5 Adc, Ib = 0.2 Adc) 
dC = 3 Adc, Ib = 0.4 Adc) 
dC = 3 Adc, Ib = 0.4 Adc, Tq = 100°C) 

VcE(sat) 


0.3 

0.5 

0.6 

0.7 

1 

1.5 

Vdc 

Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 3 Adc, Ib = 0.4 Adc) 


— 

1 

1.5 


dC = 3 Adc, Ib = 0.4 Adc, Tc = 100°C) 


— 

1 

1.5 


DC Current Gain 

hFE 

5 

8 

— 

— 

(Ic = 5 Adc, VcE = 5 Vdc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 

— 

200 

PF 

(VcB = 10 Vdc, Ie = 0, ftest = 1 kHz) 







SWITCHING CHARACTERISTICS 


Inductive Load (Table 1) | 

Storage Time 

dc = 3 Adc, 

IbI "= 0.4 Adc, 

VBE(off) = 5 Vdc, 
VCE(pk) = 400 Vdc) 

(Tj = 100°C) 

tsv 

- 

500 

1600 

ns 

Fall Time 

tfi 

- 

100 

200 

Crossover Time 

lc 

- 

120 

250 

Storage Time 

(Tj = 150X) 

tsv 

- 

600 

- 

Fall Time 

tfi 

- 

120 

- 

Crossover Time 

tc 

z 

160 

- 

Resistive Load (Table 2) | 

Delay Time 

dc = 3 Adc, 

Vcc = 250 Vdc, 

Ibi = 0.4 Adc, 

PW = 30 ^ls, 

Duty Cycle 2%) 

(IB2 = 0.8 Adc, 

RB2 = 8 ft) 

td 


30 

100 

ns 

— 

Rise Time 



100 

300 

Storage Time 

ts 

- 

1000 

3000 

Fall Time 

tf 

- 

60 

300 

Storage Time 

(VBE{off) = 5 Vdc) 

ts 

- 

400 

- 

Fall Time 

tf 

- 

130 

- 


(1) Pulse Test: PW = 300 ixs, Duty Cycle 2%. 
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Drive Circuit 

— t T 1 ' 

jison lioon J 100^^ 

~ I 1 — I nliTpspio ~ 


Table 1. Inductive Load Switching 

VcEOliui) 

I L = 10 mH 

R02 = 00 

-ifMTPSPlO Vcc = 20 Volts 

IC(pk)= 100 mA 

> Inductive Switching 

>*^81 L = 200 /iH 

i @ A RB2 = 0 

> Y VCC = 20 Volts 

^ ^82 — Rg^ selected for desired Igi 

I H RBSOA 

-ihTP12N10 L = 200 ^H 

n RB2 = 0 

Vcc = 20 Volts 

r^l AiP RBI selected for desired Iri 


•Tektronix AM503 
P6302 or Equivalent 


Scope — Tektronix 
7403 or Equivalent 


Note: Adjust Voff to obtain desired VsEjoff) at Point A. 


, *-coil CCpk) 

T] adjusted to obtain l(;(p|() 





vg ^ 

'B 90% IBI 

















3A 


25°C 







Figure 12. Inductive Switching Measurements 


1 2 3 4 5 6 7 

VBE(off)- REVERSE BASE VOLTAGE (VOLTS) 

Figure 13. Peak Reverse Base Current 


♦Tektronix AM503 
P6302 or Equivalent 


td and tr 


1 ■'<: 1 

1a1 

-rT,U,T. 

Vccj 

vcc 

250 Vdc 

Rl 

83 n 

Ic 

3 Adc 

<B 

0.4 Adc 


Table 2. Resistive Load Switching 

+ 15 0~f 1 — 


tg and tf 1 /iP ^ 


V(off) adjusted 
to give specified 
off drive 


Vcc 

250 V 

Rl 

83 ft 

Ic 

3 Adc 

Ibi 

0.4 Adc 

IB2 

0.8 Adc 

Rbi 

37.5 ft 

RB2 

8ft 



FORVBE(off) = 5V 
RB2 - 0 il 


— rr — k 

T.U,T, 

“Vn 




JlcJ 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves Indicate \ q — V^E 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves Indicate. 

The data of Figure 14a or 14b is based on Tq = 25°C; 
Tj(pk) is variable depending on power level. Second 
breakdown pulse limits are valid for duty cycles to 10% 
but must be derated when Tq ^ 25°C. Second breakdown 
limitations do not derate the same as thermal limitations. 
Allowable current at the voltages shown on Figure 14a 
or 14b may be found at any case temperature by using 
the appropriate curve on Figure 16. 

Tj(pk) may be calculated from the data in Figure 18. 
At high case temperatures, thermal limitations will re- 
duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For Inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off. In most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Biased Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 15 gives the RBSOA characteristics. 


SWITCHMODE III DESIGN CONSIDERATIONS 

1. FBSOA — 

Allowable dc power dissipation in bipolar power tran- 
sistors decreases dramatically with increasing collector- 
emitter voltage. A transistor which safely dissipates 100 
watts at 10 volts will typically dissipate less than 10 watts 
at its rated VceO(sus)- Frorn a power handling point of 
view, current and voltage are not interchangeable (see 
Application Note AN875). 

2. TURN-ON — 

Safe turn-on load line excursions are bounded by 
pulsed FBSOA curves. The 10 /xs curve applies for resis- 
tive loads, most capacitive loads, and inductive loads that 
are clamped by standard or fast recovery rectifiers. Sim- 
ilarly, the 100 ns curve applies to inductive loads which 
are clamped by ultra-fast recovery rectifiers, and are valid 
for turn-on crossover times less than 100 ns (see Appli- 
cation Note AN952). 

At voltages above 75% of VcEO(sus)' 'S essential to 
provide the transistor with an adequate amount of base 
drive VERY RAPIDLY at turn-on. More specifically, safe 
operation according to the curves is dependent upon 
base current rise time being less than collector current 
rise time. As a general rule, a base drive compliance 
voltage in excess of 10 volts is required to meet this 
condition (see Application Note AN875). 

3. TURN-OFF — 

A bipolar transistor's ability to withstand turn-off stress 
is dependent upon its forward base drive. Gross over- 
drive violates the RBSOA curve and risks transistor fail- 
ure. For this reason, circuits which use fixed base drive 
are often more likely to fail at light loads due to heavy 
overdrive (see Application Note AN875). 
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SWITCHMODE III DESIGN CONSIDERATIONS (Cont.) 


4. OPERATION ABOVE V(br|CEO(sus) - 

When bipolars are operated above collector-emitter 
breakdown, base drive is crucial. A rapid application of 
adequate forward base current is needed for safe turn- 
on, as a stiff negative bias is needed for safe turn-off. 
Any hiccup in the base-drive circuitry that even momen- 
tarily violates either of these conditions will likely cause 
the transistor to fail. Therefore, it is important to design 
the driver so that its output is negative in the absence of 
anything but a clean crisp input signal (see Application 
Note AN952). 

5. RBSOA — 

Reverse Biased Safe Operating Area has a first order 
dependency on circuit configuration and drive parame- 
ters. The RBSOA curves in this data sheet are valid only 
for the conditions specified. For a comparison of RBSOA 


results in several types of circuits (see Application Note 
AN951). 

6. DESIGN SAMPLES — 

Transistor parameters tend to vary much more from 
wafer lot to wafer lot, over long periods of time, than 
from one device to the next in the same wafer lot. For 
design evaluation It Is advisable to use transistors from 
several different date codes. 

7. BAKER CLAMPS — 

Many unanticipated pitfalls can be avoided by using 
Baker Clamps. MUR105 and MUR1100 diodes are rec- 
ommended for base drives less than 1 amp. Similarly, 
MUR405 and MUR4100 types are well-suited for higher 
drive requirements (see Article Reprint AR131). 


OUTLINE DIMENSIONS 



DIM 

MILLIMETERS 

INCHES 1 

MIN 


MIN 

MAX 

A 

- 


- 

1.550 

B 

- 

tellit:! 

- 

0.830 

C 

6.35 


0.250 

0.300 

D 

0.97 

MWiTiB 

0.038 

0.043 

E 

1.40 

mm-M 

0.055 

0.070 

ZEj 

■siQisn 

■nUEESH 

G 

■EESOSB 

■EKHniEsgi 

H 



J 



K 

11.18 


0.440 

■ilEFMi 

Q 

3.81 


0.151 


ZK2 

- 

mmM 

- 


IT 



iiMkliM 

liWIiB 
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NOTES; 

1. DIMENSIONS 0 AND V ARE DATUMS. 

2. Gl] is seating plane and datum. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q: 
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Q 3 !SI]@il 
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. DIMENSIONS AND TOLERANCES PER 

ANSI Y14.5, 1973. 


CASE 1-05 
TO-204AA 
MJ16002A 



DIM 

■I'JIMI.'illlliFl 

INCHES 

MIN 

MAX 

MIN 

MAX 

■9 


21.08 



B 

15.49 

15.90 

0.610 

0.626 

mm 

4.19 

5.08 

0.165 

0.200 

iHTH 
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STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 340-01 
TO-218AC 
MJH16002A 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


Designers Data Siieet 


SWITCHMODE III SERIES 
NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. 
They are particularly suited for line-operated switchmode appli- 
cations. The MJ16008 and MJH16008 are selected high gain ver- 
sions of the MJ 16006 and MJH 16006 for applications where drive 
current Is limited. 

Typical Applications: Features; 


• Switching 

Regulators 

• Inverters 

• Solenoids 

• Relay Drivers 

• Motor Controls 

• Deflection 

Circuits 



Fast Turn-Off Times 

70 ns Inductive Fall Time -100°C (Typ) 

100 ns Inductive Crossover Time -100°C (Typ) 
500 ns Inductive Storage Time -100°C (Typ) 

' 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Load 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ16006 

MJ16008 

MJH16006 

MJH16008 

Unit 

Collector-Emitter Voltage 

VcEO 

450 

Vdc 

Collector-Emitter Voltage 

VCEV 

850 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

Vdc 

Collector Current 




Adc 

— Continuous 

'c 

8.0 


— Peak(l) 

'CM 

16 


Base Current 




Adc 

— Continuous 

Ib 

6.0 


— Peak(l) 

IBM 

12 


Total Device Dissipation 

Pd 



Watts 

@Tc = 25°C 


150 

125 


@ Tc = 100°C 


85.5 

50 


Derate above 25°C 


0.86 

1.0 

W/°C 

Operating and Storage 

Tj.Tstg 

-65 to 200 

-55 to 150 

°C 

Junction Temperature 





Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 
Junction to Case 

Rajc 

1.17 1.0 

X/W 

Lead Temperature for 
Soldering Purposes, 
1/8" from Case for 

5 Seconds. 

Tl 

1 

275 

X 


(1) Pulse Test: Pulse Width 5.0 fjis. Duty Cycle ^ 10%. 


Designer's Date for "Worst Case" Conditions 

The Designer's Data Sheet permits the design of most circuits entirely from the information 
presented. Limit Curves — representing boundaries on device characteristics — are given to 
facilitate "worst case" design. 


IVIJ16006 MJH16006 
MJ16008 MJH16008 


8.0 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
125 AND 150 WATTS 


I 



c 



MJ16006 

MJ16008 



STYLE 1 

PIN t. BASE 
I EMITTER 
CASE COLLECTOR 


NOTES: 

1. DIMENSIONS 0 AND V ARE OATUMS. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

B 

- 

21.08 

- 

0.830 

C 

Ii.35 

7.62 

0.250 

0.300 


0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.1 

BSC 

1.18 

BSC 

G 

10.9 

“bsc 

0.43 

JBSC 

H 

5.4 

BSC 

0.215 BSC 

i 

16.8! 

BSC 

0.665 BSC 

K 

iwi 

12.19 1 

0.440 

0.480 

Q 

3.81 

4.19 

0.151 

0.165 

R 


26.67 


1.060 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.151 

0.165 


I T-l IS SEATING PLANE AND DATUM. 
POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q: 

I ♦ I $.13(0.005)® I T |v©~] 

FOR LEAPS: 

I ♦ I >.13 (0.005)® T I V® I 001 
DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 


CASE 1-05 
TO-204AA 


— |-C |- 

B — 

1 

■ L 


1 



► 


hU- g-4— 1 


DIM 

MILLIN 

ETERS 

INC 

MES 

MIM 

MAX 


MAX 


20.32 

TfoT 

0.800 

0.830 

B 

15.49 

15.90 

0.610 

0.626 

C 

4.19 

5.08 

0.165 

0.200 


1.02 


0.040 

0.065 

E 

1.35 

1.65 

0.053 

0.065 


5.21 

5.72 

0.205 

0.225 

H 

2.41 

3.20 ; 

0.095 

0126 

J 

038 

0.64 

0.015 

0.025 

K 

12.70 

15.49 

0.500 

0.610 

L 

15.88 

16.51 

0.625 

0.650 

“IP 

12.19 

12.70 

0.480 

0.500 

0 

4.04 

4 22 

0 1591 

0.166 


MJH16006 

MJH16008 



1. BASE 

2. COLLECTOR 

3. EMIHER 

4. COLLECTOR 


CASE 340-01 
TO-218AC 
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MJ16006, MJ16008, MJH16006, MJH16008 


MJ16006 

MJH16006 

ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic I Symbol I Min I Typ \ Max I Unit 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage (Table 2) 

(IC= 100 mA, Ib = 0) 

VCEO(sus) 

450 

— 

— 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(VcEV = 850 Vdc, VBE(off) = 1 -5 Vdc) 


— 

— 

0.25 


(VcEV = 850 Vdc, VBE(off) = ^ -5 Vdc, Tq = 1 00°C) 


— 

— 

1.5 


Collector Cutoff Current 

'CER 

— 

— 

2.5 

mAdc 

(VcE = 850 Vdc, Rbe = 50 Cl, Tc = 100°C) 






Emitter Cutoff Current 

•ebo 

— 

— 

1.0 

mAdc 

(Veb = 6.0 Vdc, Ic = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•S/b 

See Figure 1 5 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 6 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(IC = 3.0Adc, Ib = 0.4 Adc) 

(Iq = 5.0 Adc, Ib = 0.66 Adc) 

(IC = 5.0 Adc, Ib = 0.66 Adc, Tc = 1 00°C) 

VcE(sat) 

- 

- 

2.5 

3.0 

3.0 

Vdc 

Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

(IC= 5.0 Adc, Ib = 0.66 Adc) 


— 

— 

1.5 


dC = 5.0 Adc, Ib = 0.66 Adc, Tq = 1 00°C) 


— 

— 

1.5 


DC Current Gain 

hFE 

5.0 

— 

— 

— 

dc = 8.0 Adc, Vce = 5.0 Vdc 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 

— 

350 

pF 

(VcB = 1 0 Vdc, Ie = 0, ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

(Ic = 5.0 Adc, 

Vce = 250 Vdc, 

Ibi = 0.66 Adc, 

PW = 30 MS, 

Duty Cycle <2.0%) 

(IB2= 13 Adc, 

RB2 = 4.0n) 

td 

— 

20 

50 

ns 

Rise Time 

tr 

— 

85 

250 

Storage Time 

ts 

— 

1000 

2500 

Fall Time 

tf 

— 

70 

250 

Storage Time 

(VBE(off)= 8.0 Vdc) 

ts 

— 

500 

— 

Fall Time 

tf 

- 

100 

- 

Inductive Load (Table 2) | 

Storage Time 

(lc= 5.0 Adc, 

Ibi = 0.66 Adc, 
VBE(off) = 5.0 Vdc, 
VcE(pk) = 400Vdc) 

(Tj=100°C) 

tsv 

— 

700 

1800 

ns 

Fall Time 

tfi 

— 

80 

200 

Crossover Time 

tc 

— 

150 

250 

Storage Time 

(Tj= 150°C) 

tsv 

— 

800 

— 

Fall Time 

tfi 

— 

80 

— 

Crossover Time 

tc 

— 

200 

- 


(1 ) Pulse Test; PW - 300 ^s, Duty Cycle ^2%. 
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MJ16006, MJ16008, MJH1 6006/MJH1 6008 


MJ16008 

MJH16008 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol | Min [ Typ [ Max | UnjT 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 2) 

(IC= 100 mA, Ib = 0) 

VcEO(sus) 

450 

— 

— 

Vdc 

Collector Cutoff Current 
(VcEV = 850 Vdc, VBE(off) = 1 .5 Vdc) 

(VcEV = 850 Vdc, VBE(off) =15 Vdc, Tq = ^ 00° C) 

•CEV 

- 

- 

0.25 

1.5 

mAdc 

Collector Cutoff Current 
(VcE = 850 Vdc, Rbe = 50 0, Tq = 1 00°C) 

•CER 

— 

— 

2.5 

mAdc 

Emitter Cutoff Current 
(Veb = 6.0 Vdc. Ic = 0) 

•ebo 

— 

— 

1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 

See Figure 15 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 16 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(IC= 3.0Adc, Ib= 0.3 Adc) 
dC = 5.0 Adc, Ib = 0.5 Adc) 
dC = 5.0 Adc, Ib = 0.5 Adc, Tq = 100°C) 

VcE(sat) 

- 

- 

2.5 

3.0 

3.0 

Vdc 

Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC= 5.0Adc, Ib = 0.5 Adc) 


— 

— 

1.5 


dC = 5.0 Adc, Ib = 0.5 Adc, Tq = 100°C) 


— 

— 

1.5 


DC Current Gain 

hFE 

7.0 

— 

— 

— 

dC = 8.0 Adc, VcE = 5.0 Vdc 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 

— 

350 

PF 

(VcB=10Vdc, lE=0, ftest=10 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

dC = 5.0 Adc. 

Vcc = 250 Vdc. 

Ibi = 0.5 Adc. 

PW = 30 MS, 

Duty Cycle <2.0%) 

(IB2 =10 Adc, 

RB 2 = 4.0 n) 

td 

— 

20 

50 

ns 

Rise Time 

tr 

— 

100 

250 

Storage Time 

Is 

— 

900 

2200 

Fall Time 

tf 

— 

70 

250 

Storage Time 

<VBE(off) = 5.0 Vdc) 

fs 

— 

400 

— 

Fall Time 

tf 

— 

50 

- 

Inductive Load (Table 2) | 

Storage Time 

(IC= B.OAdc, 

Ibi = 0.5 Adc, 
VBE(off)= 5.0 Vdc, 

VcE(pk) = 400 Vdc) 

(Tj=100°C) 

tsv 

— 

500 

1400 

ns 

Fall Time 

tfi 

— 

70 

150 

Crossover Time 

tc 

— 

100 

200 

Storage Time 

(Tj=150‘»C) 



tsv 

— 

600 

— 

Fall Time 

tfi 

— 

100 


Crossover Time 



- 

150 

- 


(1 ) Pulse Test: PW - 300 ^s, Duty Cycle ^2%. 
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Ic, COLLECTOR CURRENT (/iAI VcE- COLLECTOR-EMinER VOLTAGE (VOLTS) 2 hpE, OC CURRENT GAIN 


MJ16006, MJ16008, MJH16006, MJH16008 


TYPICAL STATIC CHARACTERISTICS 



0.2 0.5 1.0 2.0 5.0 10 20 

Iq, collector CURRENT (AMPS) 



Ib, base current (AMPS) 



011 II I I I I I I H 1 I \ I I 1..1 1 i J 

0.1 0.2 0.5 1.0 2.0 5.0 10 

Iq, collector current (AMPS) 



Ic. collector current (AMPS) 


FIGURE 5 - COLLECTOR CUTOFF REGION 
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Vbe, base emitter voltage (VOLTS) 


FIGURE 6 — CAPACITANCE 


0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 850 

Vr, reverse VOLTAGE (VOLTS) 
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, CROSSOVER TIME (ns) tfj, COLLECTOR CURRENT FALL TIME (ns) ^sv- STORAG^TIME (ns) 




1.0 2.0 3.0 5.0 7.0 10 

Iq, collector current (AMPS) 



2.0 3.0 5.0 7.0 10 

IC, COLLECTOR CURRENT (AMPS) 


■VcE(pk) = 400 V- 




2.0 3.0 5.0 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 12 — CROSSOVER TIME 


2.0 3.0 5.0 

IC, COLLECTOR CURRENT (AMPS) 














MJ16006, MJ16008, MJH16006, MJH16008 


TABLE 2 — INDUCTIVE LOAD SWITCHING 


^ ^coil ('Cpk) 

^ Vcc 

Ti adjusted to obtain lc(pk) 

VCEO(sus) 

L = 10 mH 
RB2 = * 

Vcc = 20 Volts 
IC(pk) = 100 mA 
^Tektronix 
AM503 
P6302 or 
Equivalent 



Scope - Tektronix 
7403 or 

Equivalent Note: Adjust -V to obtain desired VgE^off) Point A. 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling abil- 
ity of a transistor: average junction temperature and 
second breakdown. Safe operating area curves indicate 
Ic — VcE limits of the transistor that must be observed 
for reliable operation; i.e., the transistor must not be 
subjected to greater dissipation than the curves indi- 
cate. 

The data of Figure 15 and 15A are based on Tc = 
25°C; Tj(p|() is variable depending on power level. Sec- 
ond breaKdown pulse limits are valid for duty cycles to 
10% but must be derated when Tq ^ 25X. Second 
breakdown limitations do not derate the same as ther- 
mal limitations. Allowable current at the voltages 
shown on Figure 15 and 15A may be found at any case 
temperature by using the appropriate curve on Figure 
17. 

Tjjpk) may be calculated from the data in Figure 18. 
At high case temperatures, thermal limitations wilt re- 


duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base-to-emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value 
of collector current. This can be accomplished by sev- 
eral means such as active clamping, RC snubbing, load 
line shaping, etc. The safe level for these devices is 
specified as Reverse Bias Safe Operating Area and rep- 
resents the voltage-current condition allowable during 
reverse biased turn-off. This rating is verified under 
clamped conditions so that the device is never subjected 
to an avalanche mode. Figure 16 gives the RBSOA char- 
acteristics. 
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rU), EFFECTIVE TRANSIENT THERMAL 
RESISTANCE (NORMALIZED) 


MJ16006, MJ16008, MJH16006, MJH16008 


GUARANTEED SAFE OPERATING AREA LIMITS 


FIGURE 15 — MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA, MJ16006 & MJ16008 


THERMAL LIMIT 


SECOND BREAKDOWN LIMIT 


10 20 50 100 200 300 450 

VcE. COLLECTOR-EMIHER VOLTAGE (VOLTS) 


FIGURE 15A — SAFE OPERATING AREA 
MJH16006 & MJH16008 



5.0 7.0 10 20 30 50 70 100 200 300 500 

VcE, COLLECTOR - EMITTER VOLTAGE (VOLTS) 


FIGURE 16 — MAXIMUM REVERSE BIAS 
SAFE OPERATING AREA 
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FIGURE 17 — POWER DERATING 



SECOND BREAKDOWN DERATING I 


g THERM AL DERATING 

I 

^ 40 


80 120 160 200 
Tc, CASE TEMPERATURE (°C) 


0-7 — D = 0.51 
0.5 


--SINGLE PULSE ■ 


FIGURE 18 — THERMAL RESPONSE 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJ16006A 

IMJH16006A 


Designer's Data Sheet 

NPN Silicon Power Transistors 

1 kV Switchmode III Series 



These transistors are designed for high-voltage, high-speed, power switching in 
inductive circuits where fall time Is critical. They are particularly suited for line- 
operated switchmode applications. 


Typical Applications: 

• Switching Regulators 

• Inverters 

• Solenoids 

• Relay Drivers 

• Motor Controls 

• Deflection Circuits 


Features: 

• Collector-Emitter Voltage — Vqev = 1000 Vdc 

• Fast Turn-Off Times 

80 ns Inductive Fall Time -lOOX (Typ) 

120 ns Inductive Crossover Time -100X (Typ) 
800 ns Inductive Storage Time - 100°C (Typ) 

• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Load 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

• Extended FBSOA Rating Using Ultra-fast 

Rectifiers 

• Extremely High RBSOA Capability 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ16006A 

MJH16006A 

Unit 

Collector-Emitter Voltage 

VCEO 

500 

Vdc 

Collector-Emitter Voltage 

VCEV 

1000 

Vdc 

Emitter-Base Voltage 

Veb 

6 

Vdc 

Collector Current — Continuous 

•c 

8 

Adc 

— Peakd) 

ICM 

16 


Base Current — Continuous 

Ib 

6 

Adc 

— Peakd) 

•bm 

12 


Total Power Dissipation @ Tq = 25°C 

Pd 

150 

125 

Watts 

@ Tc = 100°C 


85 

50 


Derate above Tc = 25^ 


0.86 

1 

W/°C 

Operating and Storage Junction 

Tj/ Tstg 

-65 to 200 

-55 to 150 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.17 1 

X/W 

Lead Temperature for Soldering 

Purposes: 1/8" from Case for 

5 Seconds 

Tl 

275 

°c 


(1) Pulse Test; Pulse Width = 5 ms, Duty Cycle ^ 10%. 


POWER TRANSISTORS 
8 AMPERES 
500 VOLTS 
125 and 150 WATTS 




CASE 1-05 
TO-204AA 
MJ16006A 



CASE 340-01 
TO-218AC 
MJH16006A 


Designer's Data for "Worst Case" Conditions — The Designer's Data Sheet permits the design of most circuits entirely from the information 
presented. Limit curves — representing boundaries on device characteristics — are given to facilitate "worst case" design. 
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MJ16006A, MJH16006A 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS^) 

Collector-Emitter Sustaining Voltage (Table 1) 
dC = 100 mA, Ib = 0) 

VCEO(sus) 

500 


— 

Vdc 

Collector Cutoff Current 
(VcEV = lOOOVdc, VBE(off) = 1.5Vdc) 

(VcEV = 1000 Vdc, VBE(off) = 1-5 Vdc, Tc = 100°C) 

'CEV 

- 

0.003 

0.020 

0.15 

1.0 

mAdc 

Collector Cutoff Current 
(VcE = 1000 Vdc, Rbe = 50 ft, Jq = 100°C) 

ICER 

— 

0.020 

1.0 

mAdc 

Emitter Cutoff Current 
(Veb = 6 Vdc, Ic = 0) 

Iebo 

— 

0.005 

0.15 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 

See Figure 14a or 14b 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 15 


ON CHARACTERISTICS('I) 


Collector-Emitter Saturation Voltage 
dC = 3 Adc, Ib = 0.6 Adc) 
dC = 5 Adc, Ib = 1 Adc) 
dC = 5 Adc, Ib = 1 Adc, Tc = 100°C) 

VCE(sat) 

- 

0.35 

0.50 

0.60 

0.7 

1 

1.5 

Vdc 

Base-Emitter Saturation Voltage 
dC = 5 Adc, Ib = 1 Adc) 
dC = 5 Adc, Ib = 1 Adc, Tq = 100°C) 

VBE(sat) 



1 

1 

1.5 

1.5 

Vdc 

DC Current Gain 
dC = 8 Adc, VcE = 5 Vdc) 

hFE 

5 

8 

— 

— 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 

— 

350 

pF 

(Vcb = 10 Vdc, lE = 0, ftest = 1 kHz) 


_J 


1 



SWITCHING CHARACTERISTICS 


Inductive Load (Table 1) ] 

Storage Time 

dC = 5 Adc, 

Ibi = 0.66 Adc, 

VBE(off) = 5 Vdc, 
VcE{pk) = 400 Vdc) 

(Tj = 100X) 

tsv 

_ 

800 

2000 

ns 

Fall Time 

tfi 

— 

80 

200 

Crossover Time 

tc 

— 

120 

300 

Storage Time 

(Tj = 150°C) 

tsv 

— 

1000 

— 

Fall Time 

tfi 


90 

— 

Crossover Time 

tc 

- 

150 

— 

Resistive Load (Table 2) | 

Delay Time 

n 

dC = 5 Adc, 

Vcc = 250 Vdc, 

Ibi = 0.66 Adc, 

PW = 30 fis, 

Duty Cycle 2%) 

dB2 = 1.3 Adc, 

RB2 = 4 ft) 

td 

— 

25 

100 

ns 

Rise Time 

tr 

— 

400 

700 

Storage Time 

ts 

— 

1400 

3000 

Fall Time 

tf 

— 

175 

400 

Storage Time 

(VBECoff) = 5 Vdc) 

ts 

— 

475 

— 

Fall Time 

tf 

- 

100 

- 


(1) Pulse Test: PW = 300 fis, Duty Cycle « 2%. 
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Xq, crossover time (ns) tfj, COLLECTOR CURRENT FALL TIME (ns) tgv, STORAGE TIME (ns) 
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Table 1. Inductive Load Switching 


Drive Circuit 




t. TIME 


Figure 12. Inductive Switching Measurements 


VcEO(mis) 

L = 10 mH 
RB2 = <» 

Vcc = 20 Volts 

inductive Switching 

L = 750 /iH 

RB2 = 0 

Vcc = 20 Volts 

Rgl selected for desired Ibi 

RBSOA 

L = 750 )liH 

RB2 = 0 

Vcc = 20 Volts 

Rbi selected for desired Ibi 



VBE(off). reverse base VOLTAGE (VOLTS) 


Figure 13. Peak Reverse Base Current 



H.P. 214 
OR 

EQUIV. 

P.G. 


td and t|> 


RB = 8.5 ft 




tr « 15 ns 


•Tektronix AM503 
P6302 or Equivalent 




Rl 

Vcc± 


1 


Table 2. Resistive Load Switching 

+ 15 


Vcc 

250 V 

Rl 

50 ft 

•c 

5 A 

•b 

0.66 A 


ts and tf 1 itiF ^ 


Vcc 

250 V 

Rl 

50 ft 

ic 

5 A 

Ibi 

0.66 A 

IB2 

1 A 

Rbi 

20 ft 

RB2 

4ft 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq — Vqe 
limits of the transistor that must be observed for reliable 
operation; I.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 14a and 14b Is based on Tq = 25X; 
Tj(pk) is variable depending on power level. Second 
breakdown pulse limits are valid for duty cycles to 10% 
but must be derated when Tq ^ 25°C. Second breakdown 
limitations do not derate the same as thermal limitations. 
Allowable current at the voltages shown on Figures 14a 
and 14b may be found at any case temperature by using 
the appropriate curve on Figure 16. 

Tj(pk) may be calculated from the data in Figure 18. 
At high case temperatures, thermal limitations will re- 
duce the power that can be handled to values less than 
the limitations Imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Biased Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 15 gives the RBSOA characteristics, 


SWITCHMODE III DESIGN CONSIDERATIONS 

1. FBSOA — 

Allowable dc power dissipation in bipolar power tran- 
sistors decreases dramatically with increasing collector- 
emitter voltage. A transistor which safely dissipates 100 
watts at lOvolts will typically dissipate less than 10 watts 
at its rated VcEO(sus)- ^ power handling point of 
view, current and voltage are not interchangeable (see 
Application Note AN875). 

2. TURN-ON — 

Safe turn-on load line excursions are bounded by 
pulsed FBSOA curves. The 10 /as curve applies for resis- 
tive loads, most capacitive loads, and inductive loads that 
are clamped by standard or fast recovery rectifiers. Sim- 
ilarly, the 100 ns curve applies to inductive loads which 
are clamped by ultra-fast recovery rectifiers, and are valid 
for turn-on crossover times less than 100 ns (see Appli- 
cation Note AN952). 

At voltages above 75% of VcEO(sus)' 's essential to 
provide the transistor with an adequate amount of base 
drive VERY RAPIDLY at turn-on. More specifically, safe 
operation according to the curves is dependent upon 
base current rise time being less than collector current 
rise time. As a general rule, a base drive compliance 
voltage in excess of 10 volts is required to meet this 
condition (see Application Note AN875). 

3. TURN-OFF — 

A bipolar transistor's ability to withstand turn-off stress 
is dependent upon its forward base drive. Gross over- 
drive violates the RBSOA curve and risks transistor fail- 
ure. For this reason, circuits which use fixed base drive 
are often more likely to fall at light loads due to heavy 
overdrive (see Application Note AN875). 


3-888 











MJ16006A, MJH16006A 


SWITCHMODE III DESIGN CONSIDERATIONS (Cont.) 


4. OPERATION ABOVE VcEO(sus) — 

When bipolars are operated above collector-emitter 
breakdown, base drive is crucial. A rapid application of 
adequate forward base current is needed for safe turn- 
on, as is a stiff negative bias needed for safe turn-off. 
Any hiccup in the base-drive circuitry that even momem- 
tarily violates either of these conditions will likely cause 
the transistor to fail. Therefore, it is important to design 
the driver so that its output is negative in the absence of 
anything but a clean crisp input signal (see Application 
Note AN952). 


5. RBSOA — 

Reverse Biased Safe Operating Area has a first order 
dependency on circuit configuration and drive parame- 
ters. The RBSOA curves in this data sheet are valid only 


for the conditions specified. For a comparison of RBSOA 
results in several types of circuits (see Application Note 
AN951). 

6. DESIGN SAMPLES — 

Transistor parameters tend to vary much more from 
wafer lot to wafer lot, over long periods of time, than 
from one device to the next in the same wafer lot. For 
design evaluation it is advisable to use transistors from 
several different date codes. 

7. BAKER CLAMPS ~ 

Many unanticipated pitfalls can be avoided by using 
Baker Clamps. MUR105 and MUR1100 diodes are rec- 
ommended for base drives less than 1 amp. Similarly, 
MUR405 and MUR4100 types are well-suited for higher 
drive requirements (see Article Reprint AR131). 


OUTLINE DIMENSIONS 





INCHES 1 

MIN 

MAX 

MIN 

MAX 1 

K1 


CHEEi 



B 

- 

EEH 

- 

BMDI 

mm 

6.35 

7.62 

0.250 

■iMlI 

mm 

0.97 
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0.055 

0.070 

F 

ifeliU 



G 



H 

5.46 BSC 


mm 



ub: 

11.181 12.19 

0.440 

■iKiM 

rr 

3.81 1 4.19 

■ilHl 


mm 


- 

■llMil 

o 


■iKiiTil 

■tilM 

D 

liiBura 

ginpn 

■iinf 


AND V ARE DATUMS. 


2. GtD is seating plane and datum, 

3. POSITIONAL TOLERANCE FDR 
MOUNTING HOLE Q: 


rr 

1.13(0.005)0 1 T 1 V0 1 

FOR LEADS: 


il3 (0.005) 0T 1 V0 1 Q0| 


4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 
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STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 1-05 
TO-204AA 
MJ16006A 


CASE 340-01 
TO-218AC 
MJH16006A 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


Designer’s Data Sheet 


SWITCHMODE III SERIES 

NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, power 
switching in inductive circuits where fall time is critical. They are par- 
ticularly suited for line-operated switchmode applications. The MJ16012 
and MJH16012 are selected high gain versions of the MJ16010 and 
MJH16010 for applications where drive current is limited. 

Typical Applications: 

Features: 

• Switching 

• Fast Turn-Off Times — Tc = 100°C 

Regulators 

50 ns Inductive Fall Time (Typ) 

• Inverters 

90 ns Inductive Crossover Time (Typ) 

• Solenoids 

800 ns Inductive Storage Time (Typ) 

• Relay Drivers 

• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 

• Motor Controls 

^ Switching Tirnes with Inductive Loads 

• Deflection 

" Saturation Voltages 

Circuits ° ^ 

Leakage Currents 


MAXIMUM RATINGS 



MJ16010 

MJH16010 


Rating 

Symbol 

MJ16012 

MJH16012 

Unit 

Collector-Emitter Voltage 

VCEO 

450 

Vdc 

Collector-Emitter Voltage 

VCEV 

850 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

'c 

15 

Adc 

— Peak (1) 

•cm 

20 


Base Current — Continuous 

•b 

10 

Adc 

— Peak (1) 

'bm 

15 


Total Device Dissipation 

Pd 



Watts 

@ Tc = 25°C 


175 

135 


@Tc=100°C 


100 

53.8 


Derate above 25°C 


1.0 

1.11 

W/°C 

Operating and Storage Junction 

Tj. Tstg 

-65 to 200 

-55 to 150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction 
to Case 

Rfljc 

1.0 

0.93 

oc/w 

Lead Temperature for Soldering 
Purposes, 1/8" from Case for 

5 Seconds 

Tl 

275 

°c 


(1) Pulse Test: Pulse Width ^ 5,0 /liS, Duty Cycle > 10%. 


Designer's Data for "Worst Case" Conditions 

The Designer's Data Sheet permits the design of most circuits entirely from the infor- 
mation presented. Limit curves — representing boundaries on device characteristics — 
are given to facilitate "worst case " design. 


MJieOlO IVIJH16010 
MJ16012 IVIJH16012 


15 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
135 AND 175 WATTS 




MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

B 

- 

21.08 

■ - 

0.830 

C 

6.3S 

7.62 

0.250 

0.300 

0 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.76 

6.666 

0.070 

F 

30.15 BSC 

1.18 

BSC 

G 

10.92 BSC 

0.430 OSC 

H 

5.46 BSC 

0.215 8SC 

J 

16.89 BSC 

0.66 

BSC 

K 

11.18 

12.19 

0.440 

0.480 

0 

3.81 

4.19 

0.151 

0.165 

R 


26.67 


1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.151 

0.165 


NOTES: 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. GD IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q: 


I ♦ I >.13(0.005)® I T |v@1 

FOR LEADS: ' 

I ♦ I ».13(0.005)©T I V® I a©| 


CASE 1-05 
TO-204AA 



MJH16010 
MJ HI 601 2 



2 COILECTOR 

3 EMinER 

4 COLLECTOR 



CASE 340-01 
TO-218AC 
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MJ16010 

MJH16010 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 2) 

{IC= 100 mA, Ib = 0) 

VcEO(sus) 

450 


— 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(VcEV = 850 Vdc, VBE(off) = 1 5 Vdc) 


— 

— 

0.25 


(VcEV = 850 Vdc, VBE(off) = 1 5 Vdc, Tq = 1 00° C) 


— 

— 

1.5 


Collector Cutoff Current 

•CER 

_ 

— 

2.5 

mAdc 

(VcE = 850 Vdc, Rbe = 50 H, Tc = 1 00°C) 






Emitter Cutoff Current 

•ebo 

— 

- 

1.0 

mAdc 

(Veb = 6.0 Vdc, Ic = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 

See Figure 1 5 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 16 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(IC= 5.0 Adc, Ib = 0.7 Adc) 

{IC= 10 Adc. Ib= 1.3 Adc) 

dC = 1 0 Adc, Ib = 1 .3 Adc, Tq = 1 00°C) 

VCE(sat) 

- 

- 

2.5 

3.0 

3.0 

Vdc 

Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

(IC= 10 Adc, Ib = 1 3 Adc) 




j 

_ 

1.5 


dC = 10 Adc, Ib = 1 3 Adc, Tc = 100°C) 


” 1 

~ 1 

1.5 


DC Current Gain 

hFE 

5.0 


— 

— 

(IC= 15 Adc, VcE= 5.0 Vdc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 


400 

pF 

(VcB = 10 Vdc, Ie = 0, ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

(IC= 10 Adc, 

Vcc = 250 Vdc, 

Ibi = 1.3 Adc, 

PW = 30 MS, 

Duty Cycle ^2.0%) 

(IB2 = 2.6 Adc, 

Rb= 1.6 n) 

td 

- 

20 

- 

ns 

Rise Time 

tr 

— 

200 

— 

Storage Time 

ts 

— 

1200 

— 

Fall Time 

tf 

— 

200 

— 

Storage Time 

(VBE(off)= 5.0 Vdc) 

Is 

— 

650 

— 

Fall Time 

tf 

- 

80 

- 

Inductive Load (Table 2) | 

Storage Time 

dC= 10 Adc, 

Ibi = 1.3 Adc, 

VB€(off)= 5.0 Vdc, 

VcE(pk) = ^00 Vdc) 

(Tc= 100°C) 

tsv 

- 

800 

1800 

ns 

Fall Time 

tfi 

— 

50 

200 

Crossover Time 

tc 

— 

90 

250 

Storage Time 

(Tc= 150°C) 

tsv 

— 

1050 

— 

Fall Time 

tfi 

— 

70 

— 

Crossover Time 

tc 

- 

120 

- 


(1) Pulse Test: Pulse Width = 300 Duty Cycle < 2.0% 
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MJ-16012 

MJH16012 

ELECTRICAL CHARACTERISTICS (Tc = 25®C unless Otherwise noted) 

Characteristic | Syn^bol [ Min | Typ [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 2) 

(IC= 100 mA, Ib = 0) 

VCEOIsus) 

450 

— ' 

- 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(VCEV = 850 Vdc, VBE(off) = 1 5 Vdc) 


— 

— 

0.25 


(VcEV = 850 Vdc. VBE(off) = 1 5 Vdc, Tc = 100°C) 




— 

1.5 


Collector Cutoff Current 

'CER 


— 

2.5 

mAdc 

(VcE = 850 Vdc, Rbe = 50 n, Tc = 1 00®C) 






Emitter Cutoff Current 

•ebo 

— 

— 

1.0 

mAdc 

(Veb = 6.0 Vdc, Ic = 0) 



1 




SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•S/b 

See Figure 15 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 16 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
dC = 5.0 Adc, Ib = 0.5 Adc) 

(IC= 10 Adc, Ib= 1.0 Adc) 

dC = 10 Adc, Ib = 1 .0 Adc, Tc = lOO^C) 

VcE(sat) 

- 


2.5 

3.0 

3.0 

Vdc 

Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

(IC= 10 Adc, Ib= 1.0 Adc) ' 


— 

— 

1.5 


dC = 1 0 Adc, Ib = 1 .0 Adc, Tc = 1 00°C) | 


- 

~ 

1.5 


DC Current Gain 

hFE 

7.0 


— 

_ 

dC= 15 Adc, VcE= 5.0 Vdc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

_ 

— 

400 

pF 

(VcB = 10 Vdc, lE = 0, ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

(lc= 10 Adc, 

Vcc = 250 Vdc, 

Ibi = 1 .0 Adc, 

PW = 30 MS, 

Duty Cycle <2.0%) 

(Ib 2 = 2.0 Adc, 

Rb = 1.6 n) 

Id 

- 

20 

- 

ns 

Rise Time 

tr 

__ 

200 

— 

Storage Time 

Is 

— 

900 

— 

Fall Time 

tf 

— 

150 

- 

Storage Time 

(VBE(off) = 5.0 Vdc) 

^s 

— 

500 

- 

Fall Time 

tf 

— 

40 

— 

Inductive Load (Table 2) | 

Storage Time 

(IC= 10 Adc. 

Ibi = 1 .0 Adc. 
VBE(off) = 5 0 Vdc. 
VcE(pk) = ^00 Vdc) 

(Tc= 100°C) 

tsv 

- 

650 

1500 

ns 

Fall Time 

tfi 

— 

30 

150 

Crossover Time 

tc 

— 

50 

200 

Storage Time 

(Tc= 150°C) 

tsv 

— 

850 

— 

Fall Time 

tfi 

— 

30 

— 

Crossover Time 

tc 

— 

70 

— 


(1) Pulse Test; Pulse Width = 300 /us. Duty Cycle < 2.0%. 
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TYPICAL STATIC CHARACTERISTICS 



0.2 0.5 1.0 2.0 5 0 10 20 

IC. COLLECTOR CURRENT (AMPS) 



0.02 0,05 0.1 0.2 0.5 1.0 2.0 5.0 10 


Ib, base current (AMPS) 


FIGURE 3 - COLLECTOR-EMITTER SATURATION VOLTAGE 




0.15 0.2 0.3 0.5 0.7 1.0 2.0 3 0 5,0 7.0 10 15 

Iq. collector current (AMPS) 



-0.4 -0.2 0 +0.2 +0.4 +0.6 


Vbe, BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - CAPACITANCE 
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TYPICAL DYNAMIC CHARACTERISTICS 



1.5 2.0 3.0 5.0 7.0 10 15 

IC. COLLECTOR CURRENT (AMPS) 



1.5 2.0 3.0 5.0 7.0 10 15 

IC, COLLECTOR CURRENT (AMPS) 



1.5 2 0 3.0 5.0 7.0 10 15 

IC, COLLECTOR CURRENT (AMPS) 



1.5 2.0 3.0 5.0 7.0 10 15 

Iq, COLLECTOR CURRENT (AMPS) 



1.5 2.0 3.0 5.0 7.0 10 15 

Iq, collector current (AMPS) 




1.5 2.0 3.0 5.0 7.0 10 15 

Iq, collector current (AMPS) 
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Iq. collector current (AMPSI 


MJ16010, MJ16012, MJH16010, MJH16012 



TIME 



0 1.0 2.0 3.0 4.0 5.0 

VBE(off). reverse base VOLTAGE (VOLTS) 


GUARANTEED SAFE OPERATING AREA LIMITS 


FIGURE 15 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 


FIGURE 16 - MAXIMUM REVERSE BIAS 
SAFE OPERATING AREA 



5,0 10 20 30 50 70 100 200 300 450 

VcE. COLLECTOR-EMIHER VOLTAGE (VOLTS) 




SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor; average junction temperature and second 
breakdown. Safe operating area curves indicate Ic-VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 15 is based on Tq = 25°C; Tj(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 15 may be found 
at any case temperature by using the appropriate curve 
on Figure 18. 

Tj(pk) may be calculated from the data in Figure 17. 
At high case temperatures, thermal limitations will re- 


duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 16 gives the RBSOA characteristics. 
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RaJC(*) = R0JC 


ReJC = 1 0°C/W or 1.11°C/W 


Tj(pk) - Tc = P(pk)Rajc(t) 


■■■■■ 

■■III 

■nil 

mil 

■nil 

Ill's 


■illi 

illll 

Hill 

inn 

Illll 


t, TIME (ms) 

FIGURE 18 — POWER DERATING 


^ SECOND BREAKDOWN DERATING 


z THERMAL DERATING^ 

^ Af. 

uj 40 


MJH16010, MJHI6012 
MJ16010. MJ16012 


40 80 120 160 

Tc, CASE TEMPERATURE ra 

TABLE 1 - RESISTIVE LOAD SWITCHING 


+Vdc « 1 1 Vdc 




‘Tektronix AM503 
P6302 or Equivalent 


Vcc = 250 Vdc 
Rl= 25n 
IC= 10 Adc 
Ib= 1.0 Adc 





0.02 /iF 

1 OmP 100^ 



Vcc= 250 Vdc Ibi = 1.0 Adc Rfll = 10 0 

Rl= 25 0 lB2=2.0Adc RB2 - 1 6 O 

IC=10Adc For VBE(off) " ^ 0 V' f^B2 

Note; Adjust -V to obtain desired VBE(off) Point A. 
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TABLE 2 - INDUCTIVE LOAD SWITCHING 


^ ^ *-coil (*Cpk) 

^ Vcc 

T-j adjusted to obtain lc(pk) 

VCEO(sus) 

L= lOmH 

RB2 = «> 

Vcc = 20 V Its 



Rri selected for desired Iri Rri selected for desired Iri 


‘Tektronix AM503 
P6302 or Equivalent 


Scope — Tektronix 
7403 or Equivalent 


Note: Adjust -V to obtain desired V0E(off| at Point A. 


3 


TYPICAL INDUCTIVE SWITCHING WAVEFORMS 


tsv 


•Clpk) = 10 A 
Ibi = 1-0 A 
VBE(off) = 5.0 V 
VCE(pk)=400V 

Tc = 25°C 
Time Base = 

100 ns/cm 



•C(pk)= 10 A 
Ibi = 1.0 A 
VBE(off) = 5.0 V 
VCE(pk) = 400 V 
Tc = 25®C 
Time Base = 

20 ns/cm 


Ifi' 1c 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJ16010A 

MJH16010A 


Designer's Data Sheet 

NPN Silicon Power Transistors 

1 kV Switchmode III Series 


POWER TRANSISTORS 
15 AMPERES 
500 VOLTS 
125 and 175 WATTS 


These transistors are designed for high-voltage, high-speed, power switching in 
inductive circuits where fall time is critical. They are particularly suited for line- 
operated switchmode applications. 


Typical Applications: 

• Switching Regulators 

• Inverters 

• Solenoids 

• Relay Drivers 

• Motor Controls 

• Deflection Circuits 


Features: 

• Collector-Emitter Voltage — Vqev = 1000 Vdc 

• Fast Turn-Off Times 

50 ns Inductive Fall Time -100°C (Typ) 

90 ns Inductive Crossover Time - 100°C (Typ) 
900 ns Inductive Storage Time - 100°C (Typ) 

• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Load 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

• Extended FBSOA Rating Using Ultra-fast 

Rectifiers 

• Extremely High RBSOA Capability 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ16010A 

MJH16010A 

Unit 

Collector-Emitter Voltage 

VCEO 

500 

Vdc 

Collector-Emitter Voltage 

VCEV 

1000 

Vdc 

Emitter-Base Voltage 

veb 

6 

Vdc 

Collector Current — Continuous 

•c 

15 

Adc 

— Peakd) 

•cm 

20 


Base Current — Continuous 

•b 

10 

Adc 

— Peakd) 

•bm 

15 


Total Power Dissipation @ Tq = 25°C 

pd 

175 

135 

Watts 

(a Tc = 100X 


100 

54 


Derate above Tq = 25X 


1 

1.09 

W/°C 

Operating and Storage Junction 

Tj, Tgtg 

-65 to 200 

-55 to 150 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

1 0.92 

X/W 

Lead Temperature for Soldering 

Purposes: 1/8" from Case for 

5 Seconds 

Tl 

1 

275 

X 


(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle ^ 10%. 




CASE 1-05 
TO-204AA 
MJ16010A 



CASE 340-01 
TO-218AC 
MJH16010A 


Designer's Data for "Worst Case'' Conditions — The Designer's Data Sheet permits the design of most circuits entirely from the information 
presented. Limit curves — representing boundaries on device characteristics — are given to facilitate "vyorst case" design. 
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ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS^) 

Collector-Emitter Sustaining Voltage (Table 1) 

(Ic = 100 mA, Ib = 0) 

VCEO(sus) 

500 


— 

Vdc 

Collector Cutoff Current 
(VcEV = 1000 Vdc, VBE(off) = 1-5 Vdc) 

(VcEV = 1000 Vdc, VBE(off) = 1.5 Vdc, Tq = 100°C) 

>CEV 

- 

0.003 

0.020 

0.15 

1.0 

mAdc 

Collector Cutoff Current 
(VcE = 1000 Vdc, Rbe = 50 ft, Tq = lOOX) 

>CER 

— 

0.020 

1.0 

mAdc 

Emitter Cutoff Current 
(Veb = 6 Vdc, Ic = 0) 

'ebo 

— 

0.005 

0.15 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 

See Figure 14a or 14b 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 15 


ON CHARACTERISTICS^) 


Collector-Emitter Saturation Voltage 
dc = 5 Adc, Ib = 1 Adc) 
dC = 10 Adc, Ib = 2 Adc) 
dc = 10 Adc, Ib = 2 Adc, Tc = 100°C) 

VCE(sat) 


0.25 

0.45 

0.60 

0.7 

1 

1.5 

Vdc 

Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dc = 10 Adc, Ib = 2 Adc) 


— 

1.2 

1.5 


dc = 10 Adc, Ib = 2 Adc, Tc = 100°C) 


— 

1.2 

1.5 


DC Current Gain 

hFE 

5 

8 

— 

_ 

dc = 15 Adc, VcE = 5 Vdc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 

— 

400 

pF 

(VcB = 10 Vdc, lE = 0, ftest = 1 kHz) 







SWITCHING CHARACTERISTICS 


Inductive Load (Table 1) | 

Storage Time 

dc = 10 Adc, 
iBi = 1.3 Adc, 

VBE(off) = 5 Vdc, 
VcE(pk) = 400 Vdc) 

(Tj = 100°C) 

Isv 

- 

900 

2000 

ns 

Fall Time 

tfi 

— 

50 

250 

Crossover Time 

Ic 

- 

90 

300 

Storage Time 

(Tj = 150°C) 

Isv 


1100 

— 

Fall Time 

tfi 

— 

70 

— 

Crossover Time 

Ic 

- 

120 

- 

Resistive Load (Table 2) | 

Delay Time 

dc = 10 Adc, 

Vcc = 250 Vdc, 

Ibi = 1.3 Adc, 

PW = 30 /Lts, 

Duty Cycle ^ 2%) 

dB2 = 2.6 Adc, 

RB2 = 1.6 ft) 

td 

— 

25 

100 

ns 

Rise Time 

tr 

- 

325 

600 

Storage Time 

ts 

— 

1300 

3000 

Fall Time 

tf 

- 

175 

400 

Storage Time 

(VBE(off) = 5 Vdc) 

ts 

— 

700 


Fall Time 

tf 

- 

80 



(1) Pulse Test: PW = 300 fx,s, Duty Cycle « 2%. 
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MJ16010A, MJH16010A 


TYPICAL STATIC CHARACTERISTICS 




5 [ ...1 I 1 1 1 11 L 1 1 i 'l.,! I-LL 

0.15 0.2 0.3 0.5 1 2 3 5 10 

IC, COLLECTOR CURRENT (AMPS) 


Figure 2. Collector>Emitter Saturation Region 



0.01 0.02 0.05 0.1 0.2 0.5 1 2 5 10 

Ib, base current (AMPS) 



0 . 150.2 0.3 0.5 1 2 3 5 10 


IC, COLLECTOR CURRENT (AMPS) 


Figure 3. Collector-Emitter Saturation Region 


Figure 4. Base-Emitter Saturation Region 



0,1 0.3 0.5 1 2 5 10 20 30 50 100 300 500 850 

Vr, reverse voltage (VOLTS) 

Figure 5. Capacitance 




tc, CROSSOVER TIME |ns) tfj, COLLECTOR CURRENT FALL TIME (ns) tgy, STORAGE TIME (ns) 


MJ16010A, MJH16010A 


TYPICAL INDUCTIVE SWITCHING CHARACTERISTICS 

VcE(pk) = 400 V IC/IBI = 10 , Tq = 75X, VcE(pk) = 400 V 


IC/IB 1 = 5, Tc = 75X, VcE(pk) = 400 V 


















'Tektronix AM503 
P6302 or Equivalent 
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GUARANTEED OPERATING AREA INFORMATION 
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VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

a. MJ16010A 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

b. MJH16010A 


Figure 14. Maximum Rated Forward Biased Safe Operating Area 
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Figure 15. Maximum Reverse Biased 
Safe Operating Area 
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MJH16010A 

MJ16010A 


Tc, CASE TEMPERATURE (°C) 

Figure 16. Power Derating 

VcE (1000 V MAX) 


1 150 a |ioon 


J 100 fi? ^ 

MTP8P10 


10 uF 

MTP8P10 ^ 

> ^81 muriioo 

V HH 

▼ MUR105 


■SlOmH A MUR8100 


Note: Test Circuit for Ultra-fast FBSOA 
RB2 = 0 and VQff = - 5 Volts 


Figure 17. Switching Safe Operating Area 
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t, TIME (ms) 


Figure 18. Thermal Response 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic — V qe 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 14a and 14b is based on Tc = 25°C; 
Tj(pk) is variable depending on power level. Second 
breakdown pulse limits are valid for duty cycles to 10% 
but must be derated when Tq ^ 25°C. Second breakdown 
limitations do not derate the same as thermal limitations. 
Allowable current at the voltages shown on Figures 14a 
and 14b may be found at any case temperature by using 
the appropriate curve on Figure 16. 

Tj(pk) may be calculated from the data in Figure 18. 
At high case temperatures, thermal limitations will re- 
duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Biased Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 15 gives the RBSOA characteristics. 


SWITCHMODE III DESIGN CONSIDERATIONS 

1. FBSOA — 

Allowable dc power dissipation in bipolar power tran- 
sistors decreases dramatically with increasing collector- 
emitter voltage. A transistor which safely dissipates 100 
watts at 1 0 volts will typically dissipate less than 1 0 watts 
at its rated VceO(sus)- •^''om a power handling point of 
view, current and voltage are not interchangeable (see 
Application Note AN875). 

2. TURN-ON — 

Safe turn-on load line excursions are bounded by 
pulsed FBSOA curves. The 10 /as curve applies for resis- 
tive loads, most capacitive loads, and inductive loads that 
are clamped by standard or fast recovery rectifiers. Sim- 
ilarly, the 100 ns curve applies to inductive loads which 
are clamped by ultra-fast recovery rectifiers, and are valid 
for turn-on crossover times less than 100 ns (see Appli- 
cation Note AN952). 

At voltages above 75% of VqeO(sus)' h 's essential to 
provide the transistor with an adequate amount of base 
drive VERY RAPIDLY at turn-on. More specifically, safe 
operation according to the curves is dependent upon 
base current rise time being less than collector current 
rise time. As a general rule, a base drive compliance 
voltage in excess of 10 volts is required to meet this 
condition (see Application Note AN875). 

3. TURN-OFF — 

A bipolar transistor's ability to withstand turn-off stress 
is dependent upon its forward base drive. Gross over- 
drive violates the RBSOA curve and risks transistor fail- 
ure. For this reason, circuits which use fixed base drive 
are often more likely to fail at light loads due to heavy 
overdrive (see Application Note AN875). 
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SWITCHMODE III DESIGN CONSIDERATIONS (Cont.) 


4. OPERATION ABOVE VcEO(sus) - 

When bipolars are operated above collector-emitter 
breakdown, base drive is crucial. A rapid application of 
adequate forward base current is needed for safe turn- 
on, as is a stiff negative bias needed for safe turn-off. 
Any hiccup in the base-drive circuitry that even momem- 
tarily violates either of these conditions will likely cause 
the transistor to fail. Therefore, it is important to design 
the driver so that its output is negative in the absence of 
anything but a clean crisp input signal (see Application 
Note AN952). 

5. RBSOA — 

Reverse Biased Safe Operating Area has a first order 
dependency on circuit configuration and drive parame- 
ters. The RBSOA curves in this data sheet are valid only 
for the conditions specified. For a comparison of RBSOA 


results in several types of circuits (see Application Note 
AN951). 


6. DESIGN SAMPLES — 

Transistor parameters tend to vary much more from 
wafer lot to wafer lot, over long periods of time, than 
from one device to the next In the same wafer lot. For 
design evaluation it is advisable to use transistors from 
several different date codes. 

7. BAKER CLAMPS — 

Many unanticipated pitfalls can be avoided by using 
Baker Clamps. MUR105 and MUR1100 diodes are rec- 
ommended for base drives less than 1 amp. Similarly, 
MUR405 and MUR4100 types are well-suited for higher 
drive requirements (see Article Reprint AR131). 


OUTLINE DIMENSIONS 



DIM 

MILLIM 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

- 

1.550 

B 

_ 

21.08 

_ 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.151 

0.165 

R 

_ 

26.67 

— 

1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.151 

0.165 


NOTES; 

1. DIMENSIONS 0 AND V ARE DATUMS. 

2. Gt] is seating plane and datum. 

3. POSITIONAL TOLERANCE FOR MO UNTING HOLE 0; 
I -fl 0.13(0.005) ®1 t|v^ 

FOR LEADS: 

l-fl 0,13(0,005)® t| V01q(^ 

4. DIMENSIONS AND TOLERANCES PER ANSI Y14.5, 
1973. 


CASE 1-05 
TO-204AA 
MJ16010A 




MILUN 

ETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

20.32 

21.08 

0.800 

0.830 

B 

15.49 

15.90 

0.610 

0.626 

C 

4.19 

5.08 

0.165 

0.200 

D 

1.02 

1.65 

0.040 

0.065 

E 

1.35 

1.65 

0.053 

0.065 

G 

5.21 


0.205 

0.225 

H 

2.41 

3.20 

0.095 

0.126 

J 

0.38 

0.64 

0.015 

0.025 

K 

12.70 

15.49 

0.500 

0.610 

L 

15.88 

16.51 

0.625 

0.650 

N 

12.19 

12.70 

0.480 

0.500 

Q 

4.04 

4.22 

0.159 

0.166 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


CASE 340-01 
TO-218AC 
MJH16010A 
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Designer’s Datasheet 


SWITCHMODE III SERIES 
NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. They 
are particularly suited for line-operated switchmode applications. 
The MJ1 601 6 is a selected high-gain version of the MJ1 601 4 for 
applications where drive current is limited. 


Typical Applications: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

• Fast Turn-Off Times 

40 ns Inductive Fall Time — 75°C (Typ) 

40 ns Inductive Crossover Time — 75°C (Typ) 
800 ns Inductive Storage Time — 75°C (Typ) 

• Operating Temperature Range -65 to +200°C 

• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


20 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
250 WATTS 



Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
"worst case" design. 


MAXIMUM RATINGS 


Rating 

Symbol 

Max 

Unit 

Collector-Emitter Voltage 

VCEO 

450 

Vdc 

Collector-Emitter Voltage 

VCEV 

850 

Vdc 

Emitter Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

•c 

20 

Adc 

- Peak(1) 

•cm 

30 


Base Current — Continuous 

•b 

10 

Adc 

— Peak(l) 

•bm 

20 


Total Power Dissipation @ T^ = 25°C 

pd 

250 

Watts 

@ Tc= 100°C 


143 


Derate above 25°C 


1.43 

W/°C 

Operating and Storage Junction 

^stg 

-65 to +200 

°C 


Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

0.7 

oc/w 

Maximum Lead Temperature for Soldering 
Purposes; 1 /8" from Case for 5 Seconds 

Tl 

275 

°c 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 


DIM 

MILLIMETERS! 
MIN 1 MAX 

A 

38.35 

39.37 

B 

19.30 

21.08 

C 

6.35 

7.62 

D 

1.45 

1.60 

E 

- 

3.43 

F 

29.90 

30.40 

G 

TOT 

11.18 

H 

5.21 

5.72 

J , 
K 

1 6.64 
11.18 

17.15 

12.19 

Q 

R 

3.84 

24.89 

4.09 

26.67 


CASE 197-01 


(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle j 
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MJ16014 


ELECTRICAL CHARACTERISTICS (Tc = 25<’C unless otherwise noted) 



OFF CHARACTERISTICS 


Collector-E miner Sustaining Voltage (Table 2) 

VcEO(sus) 

450 

— 

— 

Vdc 

(IC= 100 mA, Ib = 0) 






Collector Cutoff Current 

•CEV 




mAdc 

(VcEV = 850 Vdc, VBE(off) ^ 1 -5 Vdc) 


- 

- 

0.25 


(VcEV = 850 Vdc, VBE(off) = 5 Vdc, Tq = 100°C) 


— 

— 

1.5 


Collector Cutoff Current 

•CER 

— 

_ 

2.5 

mAdc 

(VcE = 850 Vdc, Rbe = 50 Cl, Tq = lOO^C) 






Emitter Cutoff Current 

•ebo 

_ 

— 

1.0 

mAdc 

(Veb = 6.0 Vdc, Ic = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•S/b 

See Figure 1 5 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 16 


ON CHARACTERISTICS (1 ) 


Collector-Emitter Saturation Voltage 
(IC= 10 Adc. Ib= 1.3 Adc) 

(IC=15Adc, lB=2.0Adc) 

dC = 1 5 Adc, Ib = 2.0 Adc, Tq = 100°C) 

VcE(sat) 

- 

- 

2.5 

3.0 

3.0 

Vdc 

Base-Emitter Saturation Voltage 
(IC= 15 Adc, Ib = 2.0 Adc) 
dC = 1 5 Adc, Ib = 2.0 Adc, Tc = 1 00°C) 

''6E(sat) 

- 

- 

1.5 

1.5 

Vdc 

DC Current Gain 
(IC = 20 Adc, VcE = 5.0Vdc 

hFE 

5.0 

- 

- 

- 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc. Ie = 0, ftest = 1 0 kHz) 

Cob 

- 

- 

500 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) 


Delay Time 



td 

— 20 

50 ns 

Rise Time 


(IB2 = 4.0 Adc, 

tr 

- 200 

500 

Storage Time 

loi =70 Adc 

Rb= 1.6 0) 

Is 

- 1200 

2700 

Fall Time 

PVAI — OA -.e 


tf 

- 200 

350 

Storage Time 

rW • oU fjiS, 

Dutv Cvcifi <2 0%^ 

(Vac/,««\ =50 Vdcl 

ts 

- 650 

— 

Fall Time 


'''Bc(Ott) vuv,/ 

tf 

- 80 

— 


Inductive Load (Table 2) 


Storage Time 



tsv 

- 800 

2700 ns 

Fall Time 

(Ic = 1 5 Adc, 

(Tc=100°C) 

tfi 

- 50 

200 

Crossover Time 

IBI = 2.0 Adc, 


tc 

- 90 

250 

Storage Time 

VBE(off) = 5.0 Vdc, 


tsv 

- 1050 

— 

Fall Time 

VCE(pk) = 400Vdc) 

(Tc=150°C) 

tfi 

- 70 

— 

Crossover Time 



tc 

- 120 

- 


(1 ) Pulse Test; PW - 300 fis. Duty Cycle ^2%. 

*^f =_|c_ 

*B1 
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MJ16016 


ELECTRICAL CHARACTERISTICS (T^ = 26®C unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 2) 

{IC= 100 mA, Ib = 0) 

VcEO(sus) 

450 

— 

— 

Vdc 

Collector Cutoff Current 

'CEV 




mAdc 

(VcEV = 850 Vdc, VBE(off) = 1 -5 Vdc) 


— 

__ 

0.25 


(VcEV = 850 Vdc. VBE(off) = 1 -8 Vdc, Jq = 100°C) 


— 

— 

1.5 


Collector Cutoff Current 

•CER 

— 

__ 

2.5 

mAdc 

(VcE = 850 Vdc, Rbe = 50 ft, Tc = 1 00° C) 






Emitter Cutoff Current 

'ebo 

— 

— 

1.0 

mAdc 

(Veb = 6.0 Vdc, Ic = 0) 






SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

'S/b 

See Figure 15 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 16 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(IC= 10 Adc, Ib= 1.0 Adc) 
dC = 1 5 Adc, Ib = 1 .5 Adc) 
dC = 1 5 Adc, Ib = 1 .5 Adc, Tq = 1 00®C) 

VcE(sat) 

- 

- 

2.5 

3.0 

3.0 

Vdc 

Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 1 5 Adc, Ib = 1 .5 Adc) 


— 

— 

1.5 


dC = 1 5 Adc, Ib = 1 .5 Adc, Tc = 1 00°C) 


— 

— 

1.5 


DC Current Gain 

^^FE 

7.0 

— 

— 

— 

dC = 20 Adc, VcE =5.0 Vdc 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 


500 

PF 

(VcB = 10 Vdc, lE = 0, ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

dC = 1 5 Adc. 

Vcc = 250 Vdc, 

Ibi = 1.5 Adc, 

PW = 30 fjLS. 

Duty Cycle <2.0%) 

(IB2 = 3.0 Adc. 

RB= 1.6 ft) 

td 

- 

20 

50 

ns 

Rise Time 

tr 

— 

200 

500 

Storage Time 

Is 

— 

900 

2200 

Fall Time 

tf 

— 

TOO 


Storage Time 

(VBE(off)=5.0Vdc) 

Is 

— 

500 

— 

Fall Time 

tf 

- 

40 

. _ 

Inductive Load (Table 2) | 

Storage Time 

dC = 1 5 Adc, 

Ibi = 1.5 Adc, 
VBE(off) = 5.0 Vdc, 
VcE(pk) = '^00 Vdc) 

(Tc= 100®C) 

tsv 


750 

2500 

ns 

Fall Time 

tfi 

— 

30 

150 

Crossover Time 

tc 

— 

50 

200 

Storage Time 

(Tc= 150®C) 

tsv 

— 

900 

— 

Fall Time 

tfi 

— 

30 

— 

Crossover Time 

tc 

— 

70 

— 


(1 ) Pulse Test: PW - 300 Duty Cycle ^2%. 
*/3f=JC_ 

'B1 
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MJ16014, MJ16016 


TYPICAL STATIC CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 


S 8! 






0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

Ic, COLLECTOR CURRENT (AMPS) 


FIGURE 2 - COLLECTOR SATURATION REGION 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 

Ib, BASE CURRENT (AMPS) 


FIGURE 3 — COLLECTOR-EMITTER SATURATION REGION 




0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

Ic, COLLECTOR CURRENT (AMPS) 


FIGURE 4 - BASE-EMITTER VOLTAGE 
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0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

Ic, COLLECTOR CURRENT (AMPS) 


FIGURE 5 - COLLECTOR CUTOFF REGION 


FIGURE 6 - CAPACITANCE 
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Bssss:::SsSSsss: 


Vbe, base emitter voltage (VOLTS) 


Vr, reverse VOLTAGE (VOLTS) 









tfj, COLLECTOR CURRENT FALL TIME (ns) tjv. STORAGE TIME (pis) 


MJ16014, MJ16016 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 7 - STORAGE TIME 


FIGURE 8 - STORAGE TIME 



2.0 3.0 5.0 7.0 10 

IC- COLLECTOR CURRENT (AMPS) 



2.0 3.0 5.0 7.0 10 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 9 - COLLECTOR CURRENT FALL TIME 


FIGURE 10- COLLECTOR CURRENT FALL TIME 


-VBE(off) = 2.0 Volts_ 


i;VBE(off) = 5.0 Volts I 


VBE(off) = 2.0 Volts^-<a>^BE(off) = 5.0 Volts 


-VBE(off) = 0 Volts- 


-i8f = 5 

-Tj = 75°C 

-Vcc = 20 Volts - 


I 100 VBEIoff) = 0 Volts 

= 70 


30-/3f = 10 

_Vcc = 20 Volts _ 


5.0 7.0 10 

IC. COLLECTOR CURRENT (AMPS) 


5.0 7.0 10 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 1 1 - CROSSOVER TIME 


FIGURE 12 - CROSSOVER TIME 


tVBE(off) = 5.0 Voit^ 


I — VBE(off) = 2.0 Volts^ 


VBE(off) = 0 VoltT* 


DO — ^ 

70 : — — zzzizi 

50-^f = 5 

- Tj = 75°C 

30- Vcc = 20 Volts 

20 J ^ 

15) ^ -J LJ Li-.. 

2.0 3.0 4.0 5.0 7.0 8.0 10 

Iq, collector current (AMPS) 


300[-VBE(off) = 2.0 Volts 


VBE(off) = 5.0 Volts 



100{zzVBE(off) = 0 Volts 


30 -Tj = 75°C - 

2o_VcC = 20 Volts _ 

151 — - ^ — 

2.0 3.0 


5.0 7.0 1C 

IC, COLLECTOR CURRENT (AMPS) 










MJ16014, MJ16016 


FIGURE 13 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 


FIGURE 14 - REVERSE BASE CURRENT 



GUARANTEED SAFE OPERATING AREA LIMITS 


FIGURE 15 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 


FIGURE 16 - MAXIMUM RATED REVERSE BIAS 
SAFE OPERATING AREA 




SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq— V cE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 15 is based on Tq = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 5 may be found 
at any case temperature by using the appropriate curve on 
Figure 18. 

Tj(pk) may be calculated from the data in Figure 17. 
At high case temperatures, thermal limitations will reduce 


the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 6 
gives the RBSOA characteristics. 
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«T THERMAL 


MJ16014, MJ16016 


FIGURE 17 - THERMAL RESPONSE 



*Note: Adjust -Vto obtain desired VBE(off) at Point A. 
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MJ16014, MJ16016 


TABLE 2 - INDUCTIVE LOAD SWITCHING 


^ ^coil <*Cpk) 

’ Vcc 

T-j adjusted to obtain lc(pk) 

VcEO(sus) 

L= 10 mH 
RB2 = * 

Vcc = 20 Volts 



Tektronix 
P-6042 or 
Equivalent 


Scope - Tektronix 
7403 or 

Equivalent Note: Adjust -V to obtain desired VsEjoff) 


3 


TYPICAL INDUCTIVE SWITCHING WAVEFORMS 


tsv 


•C(pk) = 1 5 A 
IBI = 15A 
VBE(off) = 5 0 Volts 
VcE(pk) = ^00 Volts 
Tc=25°C 
Time Base = 100 
ns/cm 


tf|, tc 


•C(pk) = 1 5 A 
lBl = 1.5A 
VBE(off) = 5.0 Volts 
VCE(pk) = -^00 Volts 
Tc = 25°C 
Time Base =10 
ns/cm 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Designer's Data Sheet 

NPN Silicon Power Transistors 

1 .5 kV Switchmode III Series 


These transistors are designed for high-voltage, high-speed, power switching in induc- 
tive circuits where fall time is critical. They are particularly suited for line-operated 
switchmode applications. 


Typical Applications: 

• Switching Regulators 

• Inverters 

• Solenoids 

• Relay Drivers 

• Motor Controls 

• Deflection Circuits 


Features: 

• Collector-Emitter Voltage — Vqev = 1500 Vdc 

• Fast Turn-Off Times 

80 ns Inductive Fall Time - 100°C (Typ) 

110 ns Inductive Crossover Time - 100°C (Typ) 
4.5 fis Inductive Storage Time - 100°C (Typ) 

• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Load 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ16018 

MJH16018 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

800 

Vdc 

Collector-Emitter Voltage 

VCEV 

1500 

Vdc 

Emitter-Base Voltage 

Veb 

6 

Vdc 

Collector Current — Continuous 

•c 

10 

Adc 

— Peakd ) 

ICM 

15 


Base Current — Continuous 

Ib 

8 

Adc 

— Peakd) 

•bm 

12 


Total Power Dissipation (w Tq = 25°C 

Pd 

175 

125 

Watts 

(iv Tc - 100°C 


100 

50 


Derate above Tq = 25°C 


1 

r 

W/°C 

Operating and Storage Junction 

Tj/ Tstg 

-65 to 200 

-55 to 150 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rojc 

1 1 

°C/W 

Lead Temperature for Soldering 

Purposes: 1/8" from Case for 

5 Seconds 

Tl 

275 

X 


(1) Pulse Test: Pulse Width = 5 fis, Duty Cycle « 10%. 


MJ16018 

MJH16018 


POWER TRANSISTORS 
10 AMPERES 
800 VOLTS 
125 and 175 WATTS 




CASE 1-05 
TO-204AA 
MJ16018 



CASE 340-01 
TO-218AC 
MJH16018 
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MJ16018, MJH16018 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

] Characteristic 1 Symbol I Min I Typ I Max I Unit 


OFF CHARACTERISTICS^) 


Collector-Emitter Sustaining Voltage (Table 1) (Ic = 50 mA, Ib = 0) 

VcEO(sus) 

800 

— 

— 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(VcEV = 1500 Vdc, VBE(off) = 1.5 Vdc) 

— 

— 

0.25 


(VcEV = 1500 Vdc, VBE(off) = 1-5 Vdc, Tc = 100°C) 


— 

— 

1.5 


Collector Cutoff Current (VcE = 1500 Vdc, Rbe = 50 0, Jq = 100X) 

>CER 

- 

- 

2.5 

mAdc 

Emitter Cutoff Current (Veb = 6 Vdc, Iq = 0) 

'ebo 

- 

- 

0.1 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 

See Figure 13 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 14 


ON CHARACTERISTICS(I) 


Collector-Emitter Saturation Voltage 
dC = 5 Adc, Ib = 2 Adc) 
dC = 10 Adc, Ib = 5 Adc) 
dC = 5 Adc, Ib = 2 Adc, Tq = 100°C) 

VcE(sat) 

- 


- 

Vdc 

Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 5 Adc, Ib = 2 Adc) 


— 

— 

1.5 


dC = 5 Adc, Ib = 2 Adc, Tq = 100°C) 


— 

— 

1.5 


DC Current Gain (\q = 5 Adc, V^e = 5 Vdc) 

hFE 

4 

- I 

- 

- 


DYNAMIC CHARACTERISTICS 


Output Capacitance (VcB = lOVdc, Ie = 0, ftest = Cob — — ^50 pF 


SWITCHING CHARACTERISTICS 


Inductive Load (Table 1) | 

Storage Time 

Baker Clamped 
(Ic = 5 Adc, 

Ibi = 2 Adc, 

VBE(off) = 2 Vdc, 

VCE(pk) = 400 Vdc) 

PW = 25 ^xs 

(Tj = 25X) 

^sv 

- 

4000 

8000 

ns 

Fall Time 

tfi 

- 

60 

200 

Crossover Time 

1c 

- 

90 

300 

Storage Time 

(Tj = lOOX) 

Isv 

- 

4500 

9000 

Fall Time 

tfi 

- 

80 

250 

Crossover Time 

tc 

- 

110 

375 

Resistive Load (Table 1) | 

Delay Time 

dC = 5 Adc, Vcc = 250 Vdc, 

Ibi = 2 Adc, Ib 2 = 2 Adc, 

RB2 = 3 n, PW = 25 ^ls, 

Duty Cycle 2%) 

td 

- 

85 

200 

ns 

Rise Time 

tr 

- 

900 

2000 

Storage Time 

ts 

- 

4500 

9000. 

Fall Time 

tf 

- 

200 

400 


(1) Pulse Test: PW = 300 fis, Duty Cycle 2%. 




0.07 0.1 0,2 0.3 0.5 0.7 1 2 3 5 7 

1b, base current (AMPS) 

Figure 2. Collector Saturation Region 








STORAGE TIME (/xs) _ 'C- COLLECTOR CURRENT (^A) COLlECTOR-EMITTER VOLTAGE (VOLTS) 


MJ16018, MJH16018 


TYPICAL STATIC CHARACTERISTICS 



IC, COLLECTOR CURRENT (AMPS) COLLECTOR CURRENT (AMPS) 

Figure 3. Collector-Emitter Saturation Region Figure 4. Base-Emitter Saturation Region 



Vbe, base-emitter voltage (VOLTS) 


Figure 5. Collector Cutoff Region 



VcB, COLLECTOR BASE VOLTAGE (VOLTS) 


Figure 6. Typical Capacitance 


TYPICAL INDUCTIVE SWITCHING CHARACTERISTICS 



1 2 3 5 7 10 . 1 2 3 5 7 10 

IC, COLLECTOR CURRENT (AMPS) Ic, COLLECTOR CURRENT (AMPS) 


Figure 7. Storage Time Figure 8. Inductive Switching Fall Time 
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,, CROSSOVER TIME (ns) 


MJ16018, MJH16018 


TYPICAL INDUCTIVE SWITCHING CHARACTERISTICS 





-VBE(off) = 2 V NO BAKER CLAMP - 

30 -Tc = 100°C BAKER CLAMPED - 

20 ^ J L_J L_J_jJ 

1 2 3 5 7 10 

IC, COLLECTOR CURRENT (AMPS) 

Figure 9. Inductive Sv\/itching Crossover Time 



9 13 17 

PULSE WIDTH i/xs) 


Figure 10. (tsv) Storage Time versus Ibi Pulse Width 
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VBE(off). REVERSE BASE-EMITTER VOLTAGE (VOLTS) 

Figure 11. Reverse Base Current versus Off Voltage 


I 90%VCE(pk) /\90%lc(pk) I 
tsv trvLflK tfi tti H 




Figure 12. Inductive Switching Measurements 


GUARANTEED SAFE OPERATING AREA LIMITS 


:Tc = 25xH4z= = f = 



10 15 20 30 50 100 200 300 500 IK 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 




VBE(off) = 2 V 


— VBE(off) = OV 


0 200 400 600 800 IK 1.2K 1.4K 1.6K 1.8K 2 

VcE(pk)- peak COLLECTOR VOLTAGE (VOLTS) 



Figure 13. Maximum Forward Bias Safe Operating Area Figure 14. Maximum Reverse Bias Safe Operating Area 









MJ16018, MJH16018 



i 1 I I I I I I >■ I I 

0 40 80 120 160 200 

Tc, CASE TEMPERATURE (°C) 


Figure 15. Power Derating 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic — V qe 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 13 is based on Tq = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Jq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 3 may be found 
at any case temperature by using the appropriate curve 
on Figure 15. 

Tj(pk) may be calculated from the data in Figure 16. 
At high case temperatures, thermal limitations will 


reduce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 14 gives the RBSOA characteristics. 



Figure 16. Thermal Response 
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MOTOROLA 

tm SEMICONDUCTOR 

TECHNICAL DATA 


Complementary 
Power Transistors 

DPAK For Surface Mount Applications 

Designed for general purpose amplifier and low speed switching applications. 

• Lead Formed for Surface Mount Applications In Plastic Sleeves (No Suffix) 

• Straight Lead Version in Plastic Sleeves (“-1" Suffix) 

• Lead Formed Version in 16 mm Tape and Reel (“RL" Suffix) 

• Electrically Similar to Popular TIP29 and TIP30 Series 


3 


MAXIMUM RATINGS 


Rating 

Symbol 

. . 

MJD29 

MJD30 

MJD29C 

MJD30C 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

100 

Vdc 

Collector-Base Voltage 

VCB 

40 

100 

Vdc 

Emitter-Base Voltage 

Veb 


5 

Vdc 

Collector Current — Continuous 

Peak 

•c 


1 

3 

Adc 

Base Current 

>B 

0.4 

Adc 

Total Power Dissipation (& Tq = 25°C 

pd 

15 

Watts 

Derate above 25°C 


0.12 

w/x 

Total Power Dissipation* @ Ta = 25°C 

pd 

1.56 

Watts 

Derate above 25°C 


0.012 

W/X 

Operating and Storage Junction Temperature Range 

Tj» Tstg 

-65 to +150 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

8.3 

X/W 

Thermal Resistance, Junction to Ambient* 

R0JA 

80 

x/w 

Lead Temperature for Soldering Purposes 

Tl 

260 

X 


ELECTRICAL CHARACTERISTCS (Tc = 25°C unless otherwise noted) 


Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
dC = 30 mAdc, Ib = 0) 

MJD29, MJD30 
MJD29C, MJD30C 

VCEO(sus) 

40 

100 


Vdc 

Collector Cutoff Current 
(VcE = 40 Vdc, Ib = 0) 

(VcE = 60 Vdc, Ib = 0) 

MJD29, MJD30 
MJD29C, MJD30C 

'CEO 


50 

/xAdc 

Collector Cutoff Current 
(VcE = Rated VceO' ^eb = 0) 


Ices 

— 

20 

fiAdc 

Emitter Cutoff Current 
(Vbe = 5Vdc,lc = 0) 


iebo 

1 

— 

1 

mAdc 


* These ratings are applicable when surface mounted on the minimum pad size recommended. (continued) 

(1) Pulse Test: Pulse Width « 300 /xs, Duty Cycle ^ 2%. 


NPN 

MJD29,C 

PNP 

MJD30,C 


SILICON 

POWER TRANSISTORS 
1 AMPERE 
40 and 100 VOLTS 
15 WATTS 



CASE 369-03 


MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 
APPLICATIONS 


6.7 


0.265 

I 



0^' 'K H' 'h^ 

2.3 2.3 

0.09^ ao% 
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MJD29,C NPN, MJD30,C PNP 


ELECTRICAL CHARACTERISTCS — continued (Tc = 25°C unless otherwise noted) 

I Characteristic I Symbol I Min I Max I Unit 


ON CHARACTERISTICS (1) 


DC Current Gain 
dC = 0.2 Adc, VcE = 4 Vdc) 
dC = 1 Adc, VcE = 4 Vdc) 

hpE 

40 

15 

75 

— 

Collector-Emitter Saturation Voltage 
dC = 1 Adc, IB = 125 mAdc) 

VcElsat) 

— 

0.7 

Vdc 

Base-Emitter On Voltage 
dC = 1 Adc, VcE = 4 Vdc) 

VBE(on) 

— 

1.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product (2) 
dC = 200 mAdc, Vqe = 10 Vdc, ftest = 1 MHz) 

fr 

3 

— 

MHz 

Small-Signal Current Gain 
dC = 0.2 Adc, VcE = 10 Vdc, f = 1 kHz) 

|hfel 

20 

— 

— 


(1) Pulse Test: Pulse Width « 300 /xs, Duty Cycle ^ 2%. 

(2) fj = |hfel * ftest- 


OUTLINE DIMENSIONS 


CASE 369-03 



i 


0 

3Pl 




NOTES 

1. SURFACE "T" IS BOTH A DATUM AND A 
MOUNTING SURFACE, 

2. POSITIONAL TOLERANCE W R "D" DIAMETER. 
I ♦ I 0.13 (O.OOSI ®l T I 

3. DIMENSIONING & TOLERANCING PER ANSI 
Y14.5M, 1982. 

4. CONTROLLING DIMENSION: INCH 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMIHER 

4. COLLECTOR 


DIM 

MILUN 

ETERS 

INC 

4ES 

MIN 

MAX 

MIN 

MAX 

A 

5.97 

6.22 

0.235 

0.245 

B 

6.35 

6.73 

0.250 

0.265 

c 

2.19 

2.38 

0.086 

0.094 

D 

0.64 

0.88 

0.025 

0.035 

E 

0.97 

1.06 

0.038 

0.042 

G 

2.29 BSC 

0.090 

BSC 

J ! 

0.46 

0.58 

0.018 

0.023 

K 

8.89 

9.65 

0.350 

0.380 

L 

0.89 

1.27 

0.035 

0.050 

S 

5.21 

5.46 

0.205 

0.215 

V 

0.77 

1.14 

0.030 

0.045 

W 

0.84 

0.94 

0.033 

0.037 

Y 

1.91 

2.28 

0.075 

0.090 


CASE 369A-04 



STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 

NOTES; 

1. SURFACE "T" IS BOTH A DATUM AND A 
MOUNTING SURFACE. 

2. POSITIONAL TOLERANCE FOR "D" DIAMETER. 
I ■»- 1 0.13 (0.005) ® I T I 

3. DIMENSIONING Si TOLERANCING PER ANSI 
Y14.5M, 1982. 

4. CONTROLLING DIMENSION: INCH 



DIM 

MILUM 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

5.97 

6.22 

0.235 

0.245 

B 

6.35 

6.73 

0.250 

0.265 

C 

2.19 

2.38 

0.086 

0.094 

D 

0.69 

0.88 

0.027 

0.035 

E 

0.97 

1.06 

0.038 

0.042 

F 

0.64 

0.88 

0.025 

0.035 

G 

4.58 

BSC 

0.180 BSC 

H 

2.29 

BSC 

0.09C 

BSC 

J 

6.46 

0.58 

0.018 

0.023 

K 

2.59 

2.89 

0.102 

0.114 

L 

0.89 

1.27 

0.035 

0.050 

S 

5.21 

5.46 

0.205 

0.215 

u 

0.51 


0.020 


V 

0.77 

1.14 

0.030 

0.045 

w 

0.84 

0.94 

0.033 

0.037 

Y 

4.32 

— 

0.170 


z 

3.69 


0.145 



3 


Case 369-03 may be ordered by adding a "-1" suffix to the device title (i.e. MJD29-1) 
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r(t|, TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


MJ029,C NPN, MJDSO.C PNP 



Figure 6. Thermal Response 



T, TEMPERATURE ("C) 

Figure?. Power Derating 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Complementary 
Power Transistors 

DPAK For Surface Mount Applications 


NPN 

MJD31,C 

PNP 

MJD32,C 


Designed for general purpose amplifier and low speed switching applications. 

• Lead Formed for Surface Mount Applications in Plastic Sleeves (No Suffix) 

• Straight Lead Version in Plastic Sleeves ("-1" Suffix) 

• Lead Formed Version in 16 mm Tape and Reel ("RL" Suffix) 

• Electrically Similar to Popular TIP31 and TIP32 Series 


MAXIMUM RATINGS 


Rating 

Symbol 

MJD31 

MJD32 

MJD31C 

MJD32C 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

100 

Vdc 

Collector-Base Voltage 

VCB 

40 

100 

Vdc 

Emitter-Base Voltage 

Veb 

5 

Vdc 

Collector Current — Continuous 

ic 


3 

Adc 

Peak 



5 


Base Current 

Ib 

1 

Adc 

Total Power Dissipation @ Tc = 25°C 

Pd 

15 

Watts 

Derate above 25X 


0.12 

W/°C 

Total Power Dissipation* @ Ta = 25°C 

Pd 

1.56 

Watts 

Derate above 25°C 


0.012 

W/°C 

Operating and Storage Junction Temperature Range 

Tj/ Tstg 

- 65 to -1-150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

8.3 

°C/W 

Thermal Resistance, Junction to Ambient* 

R6>JA 

80 

x/w 

Lead Temperature for Soldering Purposes 

Tl 

260 

X 


ELECTRICAL CHARACTERISTCS (Tc = 25°C unless otherwise noted) 


Characteristic 


Symbol Min Max 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) MJD31, MJD32 
dC = 30 mAdc, Ib = 0) MJD31C, MJD32C 

VcEO(sus) 

40 

100 



Vdc 

Collector Cutoff Current 

(VcE = 40 Vdc, Ib = 0) MJD31, MJD32 

(VcE = 60 Vdc, Ib = 0) MJD31C, MJD32C 

'CEO 


50 

/LiAdc 

Collector Cutoff Current 
(VcE = Rated VcEO' Veb = 0) 

•CES 

— 

20 

juAdc 

Emitter Cutoff Current 
(Vbe = 5 Vdc, Ic = 0) 

Iebo 

— 

1 

mAdc 


* These ratings are applicable when surface mounted on the minimum pad size recommended. (continued) 

(1) Pulse Test; Pulse Width ^ 300 ixs, Duty Cycle « 2%. 


SILICON 

POWER TRANSISTORS 
3 AMPERES 
40 and 100 VOLTS 
15 WATTS 



MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 
APPLICATIONS 
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MJD31.C NPN, MJD32,C PNP 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted) 


1 Characteristic j 

Symbol | 

1 Min 1 

Max 1 

1 Unit 1 

ON CHARACTERISTICS (1) 





DC Current Gain 
dc = 1 Adc, VcE = 4 Vdc) 
dC = 3 Adc, VcE = 4 Vdc) 

hpE 

25 

10 

50 


Collector-Emitter Saturation Voltage 
dc = 3 Adc, Ib = 375 mAdc) 

VCE(sat) 

— 

1.2 

Vdc 

Base-Emitter On Voltage 
dc = 3 Adc, VcE = 4 Vdc) 

VBE(on) 

— 

1.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product (2) 
dc = 500 mAdc, VcE = 10 Vdc, ftest = 1 MHz) 


3 

— 

MHz 

Small-Signal Current Gain 
dc = 0.5 Adc, VcE = 10 Vdc, f = 1 kHz) 

l^fel 

20 

— 

— 


(1) Pulse Test: Pulse Width 300 ^lS, Duty Cycle 2%. 

(2) fT = Ihfel-W 


OUTLINE DIMENSIONS 


CASE 369-03 



NOTES 

1. SURFACE "T" IS BOTH A DATUM AND A 
MOUNTING SURFACE. 

2. POSITIONAL TOLERANCE F OR "0" DIAMETER. 
l,.il,oj3,iaj(^J_r I 

3. DIMENSIONING & TOLERANCING PER ANSI 
Y14.5M, 1982. 

4. CONTROLLING DIMENSION: INCH 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMIHER 

4. COLLECTOR 


OHM 

MILLIN 

ETERS 

INC 

HES 

Mm 

MAX 

MIN 

MAX 

A 

5.97 

6.22 

0.235 

0.245 

B 

6.35 

6.73 

0.250 

0.265 

C 

2.19 

2.38 

0.086 

0.094 

0 

0.64 

0.88 

0.025 

0.035 

E 

0.97 

1.06 

0.038 

0.042 


2.29 BSC 

0.090 

BSC 

J 

0.46 

0.58 

0.018 

0.023 

-JLJ 

8.89 

9.65 

0.350 

0.380 

irj 

0.89 

1,27 

0.035 

0.050 

s ^ 

5.21 

5.46 

0.205 

0.215 

V 

0.77 

1.14 

0.030 

0.045 

w 

0.84 

0.94 

0.033 

0.037 

V 

1.91 

2.28 

0.075 

0.090 


CASE 369A-04 



Case 369-03 may be ordered by adding a "-1” suffix to the device title (i.e. MJD31-1) 
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V, VOLTAGE (VOLTS) hpE, DC CURRENT GAIN Pq, POWER DISSIPATION (WATTS) 




Figure 3. DC Current Gain 



t,tlME(/is) t, TIME (ms) 





Ic, COLLECTOR CURRENT (AMPS) TRANSIENT THERMAL RESISTANCE (NORMALIZED) Vce, COLLECTOR-EMIHER VOLTAGE (VOLTS) 


MJD31,C NPN, MJD32,C PNP 









MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Complementary 
Power Transistors 

DPAK For Surface Mount Applications 

Designed for general purpose amplifier and low speed switching applications. 

• Lead Formed for Surface Mount Applications in Plastic Sleeves (No Suffix) 

• Straight Lead Version In Plastic Sleeves {"-1" Suffix) 

• Lead Formed Version in 16 mm Tape and Reel ("RL" Suffix) 

• Electrically Similar to Popular TIP41 and TIP42 Series 

• Monolithic Construction With Built-in Base-Emitter Resistors 


MAXIMUM RATINGS 


Rating 

Symbol 

MJD41C 

MJD42C 

Unit 

Collector-Emitter Voltage 

VCEO 

100 

Vdc 

Collector-Base Voltage 

VCB 

100 

Vdc 

Emitter-Base Voltage 

Veb 

5 

Vdc 

Collector Current — Continuous 

■c 

6 

Adc 

Peak 


10 


Base Current 

Ib 

2 

Adc 

Total Power Dissipation @ Tc = 25°C 

Pd 

20 

Watts 

Derate above 25°C 


0.16 

w/°c 

Total Power Dissipation* @ Ta = 25°C 

pd 

1.75 

Watts 

Derate above 25°C 


0.014 

W/°C 

Operating and Storage Junction 

Tj» Tstg 

-65 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

6.25 

°C/W 

Thermal Resistance, Junction to Ambient* 

R^ja 

71.4 

x/w 

ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
dC = 30 mAdc, Iq = 0) 

VcEO(sus) 

100 

— 

Vdc 

Collector Cutoff Current 
(VcE = 60 Vdc, Ib = 0) 

'CEO 

— 

50 

/LtAdc 

Collector Cutoff Current 
(VcE = 100 Vdc, Veb = 0) 

Ices 

— 

10 

/xAdc 

Emitter Cutoff Current 
(Vbe = 5 Vdc, Ic = 0) 

Iebo 

— 

0.5 

mAdc 


* These ratings are applicable when surface mounted on the minimum pad size recommended. (continued) 

(1) Pulse Test: Pulse Width « 300 fis, Duty Cycle « 2%. 


NPN 

MJD41C 

PNP 

MJD42C 


SILICON 

POWER TRANSISTORS 
6 AMPERES 
100 VOLTS 
20 WATTS 


# 

CASE 369A-04 



CASE 369-03 


MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 
APPLICATIONS 

L 67 J 


0.265 

I 



MJ- .1^ 

0.063 I I 0.063 
2.3 2.3 


0.090 1 0.090 
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MJD41C NPN, MJD42C PNP 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted) 

I Characteristic | Symbol [ Min [ Max | Unit | 


ON CHARACTERISTICS (1) 


DC Current Gain 
dC = 0.3 Adc, VcE = 4 Vdc) 
dC = 3 Adc, VcE = 4 Vdc) 

hpE 

30 

15 

75 

— 

Collector-Emitter Saturation Voltage 
dC = 6 Adc, Ib = 600 mAdc) 

VCE(sat) 

— 

1.5 

Vdc 

Base-Emitter On Voltage 
dC = 6 Adc, VcE = 4 Vdc) 

VBE(on) 

— 

2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product (2) 
dC = 500 mAdc, Vqe = 10 Vdc, ftest = 1 MHz) 


3 

— 

MHz 

Small-Signal Current Gain 
dC = 0.5 Adc, VcE = 10 Vdc, f = 1 kHz) 

|hfel 

20 

— 

— 


(1) Pulse Test: Pulse Width 300 fis, Duty Cycle 2%. 

(2) fy = |hfel • ftest 


OUTLINE DIMENSIONS 


CASE 369-03 


CASE 369A-04 



NOTES 

1. SURFACE "T" IS BOTH A DATUM AND A 
MOUNTING SURFACE. 

2. POSITIONAL TOLERANCE FOR "D" DIAMETER. 
I 4 1 0.13(0.0051 ®l T I 

3. DIMENSIONING &T0LERANCING PER ANSI 
Y14.5M, 1982. 

4. CONTROLLING DIMENSION: INCH 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMIHER 

4. COLLECTOR 


DM 

MIUIN 

CTERS 

INCI 

m 

MM 

MAX 

MM 

MAX 

A 

5.97 

6.22 

0.235 

0.245 

B 

6.35 

6.73 

0.250 

0.265 

c 

2.19 

2.38 

0.086 

0.094 

D 

0.64 

0.88 

0,025 

0.035 

E 

0.97 ^ 

1.06 

0.038 

0.042 


2.29 BSC 

0.090 BSC 


0.46^ 

0.58 

0.018 

0.023 

_JL^ 

6.89 

9.65 

0.350 

0.380 


0.89 

1.27 

0.035 

0.050 


5.21 

5.46 

0.205 

0.215 


0.77 

1.14 

0.030 

0.045 

W 1 

0.84 

0.94 

0.033 

0.037 

Y 

1.91 

2.28 

0.075 

0.090 



Case 369-03 may be ordered by adding a "-1" suffix to the device title (i.e. MJD41C-1) 
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V, VOLTAGE (VOLTS) hpE, DC CURRENT GAIN Pq, POWER DISSIPATION (WAHS) 


MJD41C NPN, MJD42C PNP 









MJD41C NPN, MJD42C PNP 



10 20 30 50 100 200 300 500 1000 0.5 1 2 3 5 10 20 30 50 

Ib, base current (mA) Vr, REVERSE VOLTAGE (VOLTS) 

Figure 7. Collector Saturation Region Figure 8. Capacitance 



t, TIME (ms) 

Figure 9. Thermal Response 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic-VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves Indicate. 

The data of Figure 10 is based on T j(p|() = 150°C; Jq 
is variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
Tj(pk) 150°C. Tj(p|() may be calculated from the data 
In Figure 9. At high case temperatures, thermal limita- 
tions will reduce the power that can be handled to values 

less than the limitations imposed by second breakdown. 

1 2 3 5 7 10 20 30 50 70 100 ^ 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

Figure 10. Maximum Forward Bias 
Safe Operating Area 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


3 


Complementary 
Power T ransistors 

DPAK For Surface Mount Applications 

... for general purpose power and switching such as output or driver stages in 
applications such as switching regulators, converters, and power amplifiers. 

• Lead Formed for Surface Mount Application in Plastic Sleeves (No Suffix) 

• Straight Lead Version In Plastic Sleeves ("-1" Suffix) 

• Lead Formed Version in 16 mm Tape and Reel for Surface Mount ("RL" Suffix) 

• Electrically Similar to Popular D44H/D45H Series 

• Low Collector Emitter Saturation Voltage — VcE(sat) = Volt Max @ 8 Amperes 

• Fast Switching Speeds 

• Complementary Pairs Simplifies Designs 


MAXIMUM RATINGS 


Rating 

Symbol 

D44H11 or D45H11 

Unit 

Collector-Emitter Voltage 

VCEO 

80 

Vdc 

Emitter-Base Voltage 

veb 

5 

Vdc 

Collector Current — Continuous 

ic 

8 

Adc 

Peak 


16 


Total Power Dissipation 

Pd 



@ Tc = 25°C 


20 

Watts 

Derate above 25°C 


0.16 

W/X 

Total Power Dissipation (1) 

pd 



@ Ta = 25X 


1.75 

Watts 

Derate above 25°C 


0.014 

W/X 

Operating and Storage Junction 

Tj, Tgtg 

-55 to 150 

X 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R(9JC 

6.25 

X/W 

Thermal Resistance, Junction to Ambient (1) 

R^ja 

71.4 

x/w 

Lead Temperature for Soldering 

Tl 

260 

X 


(1) These ratings are applicable when surface mounted on the minimum pad size recommended. 


NPN 

MJD44H11 

PNP 

MJD45H11 



MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 
APPLICATIONS 
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0.118 1.070"! 0-265' 





MJD44H11 NPN, MJD45H11 PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

[ Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
dC = 30 mA, Ib = 0) 

Collector Cutoff Current 

(VCE == Rated VcEO> ^BE = 0) 

Emitter Cutoff Current 

(Veb = 5 Vdc) 

ON CHARACTERISTICS 

Collector-Emitter Saturation Voltage 
dC = 8 Adc, Ib = 0.4 Adc) 

Base-Emitter Saturation Voltage 
dC = 8 Adc, Ib = 0.8 Adc) 

DC Current Gain 
(VcE = 1 Vdc, Ic = 2 Adc) 

DC Current Gain 
(VcE = 1 Vdc, Ic = 4 Adc) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 

(VcB = 10 Vdc, ftest = 1 MHz) MJD44H11 

MJD45H11 

Gain Bandwidth Product 

dC = 0.5 Adc, VcE = 10 Vdc, f = 20 MHz) MJD44H11 

MJD45H11 


SWITCHING TIMES 


Delay and Rise Times 

dC = 5 Adc, Ibi = 0.5 Adc) MJD44H11 

MJD45H11 

Storage Time 

dC = 5 Adc, Ibi = >B2 = 0.5 Adc) MJD44H11 

MJD45H11 

Fall Time 

dC = 5 Adc, Ibi = Ib 2 = 0.5 Adc) MJD44H11 

MJD45H11 
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Symbol 


Min 


Typ Max 


Unit 


VCEO(sus) 

80 

— 

— ' 

Vdc 

•CES 

_ 

— 

10 

mA 

>EBO 

— 

— 

50 

aA 


VCE(sat) 

— 

— 

1 

Vdc 

VBE(sat) 

— 

— 

1.5 

Vdc 

hpE 

60 

— 

— 

— 


40 

— 

— 



Ccb 

pF 

— 130 

— 

— 230 

— 

fr 

MHz 

— 50 

— 

— 40 

— 


— 300 

— 135 

ns 


ns 

— 500 

— 

— 500 

— 


ns 

— 140 

— 

— 100 

— 


3 








MJD44H11 NPN, MJD45H11 PNP 



Figure 1. Thermal Response 



Figure 2. Maximum Forward Bias 
Safe Operating Area 
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lO COLLECTOR CURRENT (AMPS) 


Figure 3. Normalized DC Current Gain 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic-VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 2 is based on Tj(pk) = 150°C; Tq is 
variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
Tj(pk) 150°C. Tj(pk) may be calculated from the data 
in Figure 1. At high case temperatures, thermal limita- 
tions will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 


TaTc 



Figure 4. Power Derating 
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MJD44H11 NPN, MJD45H11 PNP 


OUTLINE DIMENSIONS 




STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 369A-04 


NOTES: 

1. SURFACE "T" IS BOTH A DATUM AND A 
MOUNTING SURFACE. 

2. POSITIONAL TOLERANCE FOR "D" DIAMETER. 
I i 0.13 (0.005) @ I T I 

3. DIMENSIONING & TOLERANCING PER ANSI 
Y14.5M, 1982. 

4. CONTROLLING DIMENSION: INCH 


INCHES 


MIN I MAX 


0.235 


0,250 


0.265 



NOTES 

1. SURFACE "T" IS BOTH A DATUM AND A 
MOUNTING SURFACE. 

2. POSITIONAL TOLERANCE F OR "D" DIAMETER. 
I ♦! 0.1310.005) @1 T I 

3. DIMENSIONING & TOLERANCING PER ANSI 
Y14.5M, 1982, 

4. CONTROLLING DIMENSION: INCH 

STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMIHER 

4. COLLECTOR 


DIM 

MILUM 

ETERS 

INC 

RES 

MIN 

MAX 

MIN 

MAX 

A 

5.97 

6.22 

0.235 

0.245 

B 

6.35 

6.73 

0.250 

0.265 

C 

2.19 

2.38 

0.086 

0.094 

D 

0.64 

0.88 

0.025 

0.035 

E 

0,97 

1.06 

0.038 

0.042 

G 

2.29 

BSC 

0.090 

BSC 

J 

0.46 

0.58 

0.018 

0.023 

K 

8.89 

9.65 

0.350 

0.380 

L 

0.89 

1.27 

0.035 

0.050 

S 

5.21 1 

5.46 

0.205 

0.215 

V 

0.77 ' 

1.14 

0.030 

0.045 

W 

0.84 

0.94 

0.033 

0.037 

Y 

1.91 ! 

2.28 

0.075 

0.090 


CASE 369-03 


Case 369-03 may be ordered by adding a "-1" suffix to the device title (i.e. MJD44H11-1) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


High Voltage 
Power Transistors 

DPAK For Surface Mount Applications 

Designed for line operated audio output amplifier, switchmode power supply 
drivers and other switching applications. 

• Lead Formed for Surface Mount Applications in Plastic Sleeves (No Suffix) 

• Straight Lead Version in Plastic Sleeves ("-1" Suffix) 

• Lead Formed Version in 16 mm Tape and Reel ("RL" Suffix) 

• Electrically Similar to Popular TIP47, and TIP50 

• 250 and 400 V (Min) — VcEO(sus) 

• 1 A Rated Collector Current 


MAXIMUM RATINGS 


Rating 

Symbol 

MJD47 

MJD50 

Unit 

Collector-Emitter Voltage 

VCEO 

250 

400 

Vdc 

Collector-Base Voltage 

VCB 

350 

500 

Vdc 

Emitter-Base Voltage 

veb 

5 

Vdc 

Collector Current — Continuous 

•c 


1 

Adc 

Peak 



2 


Base Current 

«B 

0.6 

Adc 

Total Power Dissipation @ Tc = 25°C 

Pd 

15 

Watts 

Derate above 25°C 


0.12 

W/X 

Total Power Dissipation* @ T/^ = 25°C 

pd 

1.56 

Watts 

Derate above 25°C 


0.0125 

W/X 

Operating and Storage Junction 

Tj, Tstg 

— 65 to -f- 1 50 

X 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 


Thermal Resistance, Junction to Case 

R0JC 

8.33 

X/W 


Thermal Resistance, Junction to Ambient 


R^ja 

80 

x/w 


Lead Temperature for Soldering Purpose | 

Tl 

260 

X 


ELECTRICAL CHARACTERISTICS (Tc = 

25X unless otherwise noted) 




Characteristic 


Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

MJD47 

VcEO(sus) 

250 

— 

Vdc 

dc = 30 mAdc, Iq = 0) 

MJD50 


400 

— 


Collector Cutoff Current 


'CEO 



mAdc 

(VcE = 150 Vdc, Ig = 0) 

MJD47 


— 

0.2 


(VCE = 300 Vdc, Ib = 0) 

MJD50 


— 

0.2 



* When surface mounted on minimum pad sizes recommended. (continued) 

(1) Pulse Test: Pulse Width 300 /ns. Duty Cycle ^ 2%. 


MJD47 

MJD50 


NPN SILICON 
POWER TRANSISTORS 
1 AMPERE 
250, 400 VOLTS 
15 WATTS 



MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 
APPLICATIONS 
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Pd, power dissipation (WAHS) 


MJD47, MJD50 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted) 



(1) Pulse Test; Pulse Width 300 /is, Duty Cycle 2%. 


TYPICAL CHARACTERISTICS 



25 50 75 100 125 150 

T, TEMPERATURE (X) 


Figure 1. Power Derating 


TURN-ON PULSE 



Vcc O- 


Rc 


Cjd << Ceb I 
tt 7 ns 0 

I 100 < t2 < 500 /Lts 
t 3 < 15 ns 



in O^—VSAr— — 

51 I RB I 


SCOPE 


4V 


DUTY CYCLE* 2% 

APPROX -9 V 

Rb and Rq VARIED TO OBTAIN 
DESIRED CURRENT LEVELS. 


TURN-OFF PULSE 

Figure 2. Switching Time Equivalent Circuit 
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MJD47, MJD50 





Figure 5. Thermal Response 



5 10 20 50 100 200 300 500 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability 
of a transistor; average junction temperature and second 
breakdown. Safe operating area curves indicate Ic-VcE 
limits of the transistor that must be observed for reliable 
operation; I.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 6 Is based on Tj(pk) = 150X; Tq is 
variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
Tj(pk) ^ 150°C. Tj(p|() may be calculated from the data 
in Figure 5. At high case temperatures, thermal limita- 
tions will reduce the power that can be handled to values 
less than the limitations Imposed by second breakdown. 


Figure 6. Active Region Safe Operating Area 
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tTlMEI 


MJD47, MJD50 




0.02 0.05 0.1 0.2 0.5 1 2 


IC, COLLECTOR CURRENT (AMPS) 

Figure 8. Turn-Off Time 


OUTLINE DIMENSIONS 


CASE 369-03 


CASE 369A-04 



NOTES 

1. SURFACE "T" IS BOTH A DATUM AND A 
MOUNTING SURFACE. 

2. POSITIONAL TOLERANCE F OR "D" DIAMETER. 
1 il 0.13(0.005) ®| T I 

3. DIMENSIONING & TOLERANCING PER ANSI 
Y14.5M, 1982. 

4. CONTROLLING DIMENSION; INCH 


STYLE 1: 

PINT BASE 

2. COLLECTOR 

3. EMIHER 

4. COLLECTOR 




Case 369-03 may be ordered by adding a "-1" suffix to the device title (i.e. MJD47-1) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Complementary Darlington 
Power Transistors 

DPAK For Surface Mount Applications 


NPN 

MJD112 

PNP 

MJD117 


Designed for general purpose power and switching such as output or driver 
stages in applications such as switching regulators, convertors, and power 
amplifiers. 

• Lead Formed for Surface Mount Application in Plastic Sleeves (No Suffix) 

• Straight Lead Version in Plastic Sleeves ("-1" Suffix) 

• Lead Formed Version in 16 mm Tape and Reel C'RL" Suffix) 

• Surface Mount Replacements for TIPI 10-TIP1 17 Series 

• Monolithic Construction With Built-in Base-Emitter Shunt Resistors 

• High DC Current Gain — hpg = 2500 (Typ) @ Iq = 2 Adc 

• Complementary Pairs Simplifies Designs 

MAXIMUM RATINGS 


Rating 

Symbol 

MJD112 

MJD117 

Unit 

Collector-Emitter Voltage 

VCEO 

100 

Vdc 

Collector-Base Voltage 

VCB 

100 

Vdc 

Emitter-Base Voltage 

Veb 

5 

Vdc 

Collector Current — Continuous 

'c 

2 

Adc 

Peak 

4 


Base Current 

Ib 

50 

mAdc 

Total Power Dissipation @ Tq = 25°C 

Pd 

20 

Watts 

Derate above 25°C 


0.16 

W/°C 

Total Power Dissipation* @1 T/^ = 25°C 

pd 

1.75 

Watts 

Derate above 25°C 


0.014 

W/°C 

Operating and Storage Junction 

Tj. Tstg 

-65 to -1-150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

6.25 

X/W 

Thermal Resistance, Junction to Ambient* 

R^ja 

71.4 

x/w 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic 

Symbol 

Min I Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
dC = 30 mAdc, Ig = 0) 

VcEO(sus) 

100 

— 

Vdc 

Collector Cutoff Current 
(VcE = 50 Vdc, Ib = 0) 

Iced 

— 

20 

fiAdc 

Collector Cutoff Current 
(VcB = 100 Vdc, Ie = 0) 

icbo 

— ' 

20 

fiAdc 

Emitter Cutoff Current 
(Vbe = 5 Vdc, Ic = 0) 

‘ebo 

— 

2 

mAdc 


* These ratings are applicable when surface mounted on the minimum pad sizes recommended. (continued) 
(1) Pulse Test: Pulse Width ^ 300 fis. Duty Cycle 2%. 


SILICON 

POWER TRANSISTORS 
2 AMPERES 
100 VOLTS 
20 WATTS 



MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 
APPLICATIONS 









MJD112 NPN, MJD117 PNP 


^ELECTRICAL CHARACTERISTICS — continued (Tc = 25X unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS — continued 

Collector-Cutoff Current 

•CEX 



/lAdc 

(VcE = 80 Vdc, VBE(off) = l ^ Vdc) 


— 

10 


(VcE = 80 Vdc, VBE(off) = l -S Vdc, Tq = 125X) 


— 

500 


Collector-Cutoff Current 

•CBO 

— 

10 

ImA6c 

(VcB = 80 Vdc, Ie = 0) 





Emitter-Cutoff Current 

'ebo 

— 

2 

mAdc 

(Vbe = 5 Vdc, Ic = 0) 





ON CHARACTERISTICS 


DC Current Gain 
dC = 0.5 Adc, VcE = 3 Vdc) 
dC = 2 Adc, VcE = 3 Vdc) 
dC = 4 Adc, VcE = 3 Vdc) 

hpE 

500 

1000 

200 

12,000 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dC = 2 Adc, Ib = 8 mAdc) 


— 

2 


dC = 4 Adc, Ib = 40 mAdc) 


— 

3 


Base-Emitter Saturation Voltage 

VBE(sat) 

— 

4 

Vdc 

dC = 4 Adc, Ib = 40 mAdc) 





Base-Emitter On Voltage 

VBE(on) 

— 

2.8 

Vdc 

dC = 2 Adc, VcE = 3 Vdc) 



j 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 0.75 Adc, VcE = 10 Vdc, f = 1 MHz) 

fT 

25 

— 

MHz 

Output Capacitance 

Cob 



PF 

(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) MJD117 


— 

200 


MJD112 


— 

100 



*Pulse Test: Pulse Width 300 fis, Duty Cycle « 2%. 


V2 

APPROX 
+ 8V 

0 

Vi 

APPROX 

~12V 


Rb & Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
Di, MUST BE FAST RECOVERY TYPES, e.g., 

MBD5300 USED ABOVE Ifi « 100 mA 
MSD6100 USED BEL0\N Ib « 100 mA 

Rb r” 


Vcc 

-30 V 

k 


TUT 


__L_ 51 J ^1 « 8 I( *60 S I 


SCOPE 


-25 IMS 


FOR t(j AND tp Di IS DISCONNECTED 


tp tf < 10 ns AND V 2 = 0 

DUTY CYCLE = 1% FOR NPN TEST CIRCUIT REVERSE ALL POLARITIES. 



04 0.06 0.1 0.2 0.4 0.6 1 2 4 


IC, COLLECTOR CURRENT (AMP) 


Figure 1. Switching Times Test Circuit 


Figure 2. Switching Times 
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MJD112 NPN, MJD117 PNP 



Figure 3. Thermal Response 


ACTIVE-REGION SAFE-OPERATING AREA 



VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Figure 4. Maximum Rated Forward Biased 
Safe Operating Area 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq-Vce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 5 and 6 is based on Tj(pk) = 150°C; 
Tc is variable depending on conditions. Second break- 
down pulse limits are valid for duty cycles to 10% pro- 
vided T j(pic) < 150°C. Tj{pk) may be calculated from the 
data in Figure 4. At high case temperatures, thermal lim- 
itations will reduce the power that can be handled to val- 
ues less than the limitations imposed by second 
breakdown. 



25 50 75 100 125 150 

T, TEMPERATURE (°C) 


Figure 5. Power Derating 



ioi iii iii 111 1 111111 1 1 1 nimi i I -U 

0.04 0.06 0.1 0.2 0.4 0.6 1 2 4 6 10 20 40 

Vr, REVERSE VOLTAGE (VOLTS) 


Figure 6. Capacitance 


3-942 














MJD112 NPN, MJD117 PNP 


NPN MJD112 




0.04 0.06 0.1 0.2 0.4 0.6 1 2 4 


IC, COLLECTOR CURRENT (AMP) 


Figure 10. Temperature Coefficients 



- 0.6 - 0.4 - 0.2 0 + 0.2 + 0.4 + 0.6 + 0.8 +1 + 1.2 + 1.4 

Vbe, base emitter voltage (VOLTS) 



+ 0.6 + 0.4 + 0.2 0 - 0.2 - 0.4 - 0.6 - 0.8 -1 - 1.2 - 1.4 


Vbe, base-emiher voltage (Volts) 


Figure 11. Collector Cut-Off Region 


PNP COLLECTOR NPN COLLECTOR 




Figure 12. Darlington Schematic 
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MJD112 NPN, MJD117 PNP 


OUTLINE DIMENSIONS 






MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 

Complementary Darlington 
Power Transistors 

DPAK For Surface Mount Applications 

Designed for general purpose amplifier and low speed switching applications. 

• Lead Formed for Surface Mount Applications in Plastic Sleeves (No Suffix) 

• Straight Lead Version in Plastic Sleeves ("-1" Suffix) 

• Lead Formed Version Available in 16 mm Tape and Reel ("RL" Suffix) 

• Surface Mount Replacements for 2N6040-2N6045 Series, TIPI 20-TIPI 22 Series, 

and TIP125-TIP127 Series 

• Monolithic Construction With Built-in Base-Emitter Shunt Resistors 

• High DC Current Gain — hpg = 2500 (Typ) @ Ic = 4 Adc 

• Complementary Pairs Simplifies Designs 


MAXIMUM RATINGS 


Rating 

Symbol 

MJD122 

MJD127 

Unit 

Collector-Emitter Voltage 

VCEO 

100 

Vdc 

Collector-Base Voltage 

VCB 

100 

Vdc 

Emitter-Base Voltage 

Veb 

5 

Vdc 

Collector Current — Continuous 

•c 

8 

Adc 

Peak 


16 


Base Current 

iB 

120 

1 

mAdc 

Total Power Dissipation Tq = 25X 

pd 

20 i 

Watts 

Derate above 25°C 


0.16 

W/X 

Total Power Dissipation* @ T/\ = 25°C 

Pd 

1.75 

Watts 

Derate above 25°C 


0.014 

W/X 

Operating and Storage Junction 

Tj, Tgtg 

-65 to +150 

X 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

6.25 

XAA/ 

Thermal Resistance, Junction to Ambient* 

R^ja 

71.4 

X/W 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 


Symbol 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
dC = 30 mAdc, Ib = 0) 

VCEO{sus) 

100 


Vdc 

Collector Cutoff Current 
(VcE = 50 Vdc, Ib = 0) 

•CEO 

— 

10 

yaAdc 


* These ratings are applicable when surface mounted on the minimum pad sizes recommended. (continued) 


NPN 

MJD122 

PIMP 

MJD127 


SILICON 

POWER TRANSISTORS 
8 AMPERES 
100 VOLTS 
20 WATTS 


CASE 369A-04 



CASE 369-03 


MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 
APPLICATIONS 

67_i 


0.265 

I 



0.063 I I 0.063 
2.3 2.3 ' 


0.090 1 0.090 
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MJD122 NPN, MJD127 PNP 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted) 

I Characteristic | Symbol [ Min | Max j Unit | 

OFF CHARACTERISTICS — continued 


Collector Cutoff Current 
(VcE = 100 Vdc, VBE(off) = 1-5 Vdc) 

(VcE = lOOVdc, VBE(off) = 1.5 Vdc, Tc = 125X) 

ICEX 

. 

- 

10 

500 

/xAdc 

Collector Cutoff Current 
(VcB = 100 Vdc, lE = 0) 

•CBO 

— 

10 

ju-Adc 

Emitter Cutoff Current 
(Vbe = 5 Vdc, Ic = 0) 

•ebo 


2 

mAdc 


ON CHARACTERISTICS 


DC Current Gain 
dc = 4 Adc, Vce = 4 Vdc) 
dC = 8 Adc, Vce = 4 Vdc) 

^»FE 

1000 

100 

12,000 

— 

Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dc = 4 Adc, Ib = 16 mAdc) 


— 

2 


dc = 8 Adc, Ib = 80 mAdc) 


— 

4 


Base-Emitter Saturation Voltage (1) 

VBE(sat) 

— 

4.5 

Vdc 

dc = 8 Adc, Ib = 80 mAdc) 





Base-Emitter On Voltage 

VBE(on) 

— 

2.8 

Vdc 

dc = 4 Adc, Vce = 4 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
dc = 3 Adc, Vce = 4 Vdc, f = 1 MHz) 

Ihfei 

4 

— 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) MJD127 

MJD122 

O^ob 


300 

200 

PF 

Small-Signal Current Gain 
dc = 3 Adc, Vce = 4 Vdc, f = 1 kHz) 

hfe 

300 

1 

— 


(1) Pulse Test: Pulse Width 300 (is, Duty Cycle 2%. 


Ta Tc 

2.5 25 


t 2 20 

I 

1 1.5 15 

CO 

to 

2 1 10 


‘^0.5 5 

a. 


0 0 

25 50 75 100 125 150 

T, TEMPERATURE TO 

Figure 1. Power Derating 
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Ic, COLLECTOR CURRENT (M) 0V. TEMPERATURE COEFFICIENTS (mVrC) 


^VCwVcE(sat) 


fO.4 +0.2 0 -0.2 -0.4 -0.6 -0.8 -1 -1.2 -1.4 

Vbe, base-emitter voltage (VOLTS) 


-0.6 -0.4 -0.2 0 +0.2 +0.4 +0.6 +0.8 +1 +1.2 +1.4 

Vbe, base emitter voltage (VOLTS) 


Figure 6. Collector Cut-Off Region 
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VcE = 4Vdc 


IC = 3 Adc 


S»SBSBSSI 


5 10 20 50 100 200 500 1000 

f, FREQUENCY (kHz) 
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■IHI 


0.5 1 2 5 10 

Vr, reverse voltage (VOLTS) 


Figure 7. Small-Signal Current Gain 


Figure 8. Capacitance 












r(t), EFFECTIVE TRANSIENT 
THERMAL RESISTANCE (NORMALIZED) 


MJD122 NPN, MJD127 PNP 


Rb & Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
Di, MUST BE FAST RECOVERY TYPES, e.g., 

MBD5300 USED ABOVE Ib = 100 mA 
MSD6100 USED BELOW Ib « 100 mA 











MJD122 NPN, MJD127 PNP 


PNP COLLECTOR NPN COLLECTOR 




Figure 13. Darlington Schematic 


OUTLINE DIMENSIONS 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Complementary 
Plastic Power Transistors 

NPN/PNP Silicon 

DPAK For Surface Mount Applications 

. . . designed for low voltage, low-power, high-gain audio amplifier applications. 

• Collector-Emitter Sustaining Voltage — Vceo(sus) = 25 Vdc (Min) @ Iq - 10 mAdc 

• High DC Current Gain — hpE = 70 (Min) @ Ic = 500 mAdc 

= 45 (Min) @ Ic = 2 Adc 
= 10 (Min) @ Ic = 5 Adc 

• Lead Formed for Surface Mount Applications in Plastic Sleeves (No Suffix) 

• Straight Lead Version in Plastic Sleeves ("-1" Suffix) 

• Lead Formed Version in 16 mm Tape and Reel ("RL" Suffix) 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.3 Vdc (Max) @ Ic = 500 mAdc 
= 0.75 Vdc (Max) @ Ic = 2 Adc 

• High Current-Gain — Bandwidth Product — fj = 65 MHz (Min) @ Ic = 100 mAdc 

• Annular Construction for Low Leakage — IcBO = 100 nAdc @ Rated Vcb 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

Vcb 

40 

Vdc 

Collector-Emitter Voltage 

VCEO 

25 

Vdc 

Emitter-Base Voltage 

Veb 

8 

Vdc 

Collector Current — Continuous 

Ic 

5 

Adc 

Peak 


10 


Base Current 

IB 

1 

Adc 

Total Device Dissipation @ Tq = 25°C 

Pd 

12.5 

Watts 

Derate above 25°C 


0.1 

W/°C 

Total Device Dissipation @ T/^ = 25°C* 

Pd 

1.4 

Watts 

Derate above 25°C 


0.011 

W/°C 

Operating and Storage Junction 

1^J' 1^stg 

— 65 to +150 

X 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

P0JC 

10 

°C/W 

Junction to Ambient* 

R0JA 

89.3 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 





Collector-Emitter Sustaining Voltage (1) 
dC = 10 mAdc, Ib = 0) 

VCEO(sus) 

25 

— 

Vdc 

Collector Cutoff Current 

•CBO 

_ 

100 

nAdc 

(Vcb = 40 Vdc, Ie = O) 

(Vcb = 40 Vdc, Ie = O, Tj = 125°C) 

— 

100 

^Adc 

Emitter Cutoff Current (Vbe = 8 Vdc, Ic = 0) 

Iebo 

- - 

100 

nAdc 


* When surface mounted on minimum pad sizes recommended. 
(1) Pulse Test: Pulse Width = 300 /u,s. Duty Cycle * 2%. 


NPN 

MJD200 

PNP 

MJD210 


SILICON 

POWER TRANSISTORS 
5 AMPERES 
25 VOLTS 
12.5 WATTS 




(continued) 








MJD200 NPN, MJD210 PNP 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted) 

I Characteristic I Symbol I Min \ Max I Unit 


ON CHARACTERISTICS 


DC Current Gain (1) 
dC = 500 mAdc. Vqe = 1 Vdc) 
dC = 2 Adc, VcE = 1 Vdc) 
dC = 5 Adc, VcE = 2 Vdc) 

hpE 

70 

45 

10 

180 


Collector-Emitter Saturation Voltage (1) 

VcE(sat) 



Vdc 

(Ic = 500 mAdc, Ib = 50 mAdc) 


— 

0.3 


dC = 2 Adc, Ib = 200 mAdc) 


_ 

0.75 


dc = 5 Adc, Ib = 1 Adc) 


~ 

1.8 


Base-Emitter Saturation Voltage (1) (Ic = 5 Adc, Ib = 1 Adc) 

VBE(sat) 


2.6 

Vdc 

Base-Emitter On Voltage (1) (Iq = 2 Adc, Vqe = 1 Vdc) 

VBE(on) 

- 


Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 
dc = 100 mAdc, VcE = 10 Vdc, ftest = 10 MHz) 

fT 

65 


MHz 

Output Capacitance 


Cob 



PF 

(VcB = 10 Vdc, Ip = 0, f = 0.1 MHz) 

MJD200 


— 

80 



MJD210 


— 

120 



(1) Pulse Test: Pulse Width = 300 pts, Duty Cycle = 2%. 

(2) fT = IhFEl-ftest 



25 50 75 100 125 150 

T, TEMPERATURE (°C) 

Figure 1. Power Derating 



+ 30 V 



RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
Di MUST BE FAST RECOVERY TYPE, eg: 

MBD5300 USED ABOVE Ib ^ 100 mA FOR PNP TEST CIRCUIT, 

MSD6100 USED BELOW Ib - 100 mA REVERSE ALL POLARITIES 


Figure 2. Switching Time Test Circuit 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1 2 3 5 


IC, COLLECTOR CURRENT (AMP) 

Figure 4. Turn-Off Time 
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ENT GAIN 


MJD200 NPN, MJD210 PNP 


NPN I PNP 

MJD200 I MJD210 










MJD200 NPN, MJD210 PNP 



0.02 0.05 0.1 0.2 0.5 1 2 5 10 20 50 100 200 

t, TIME (ms) 


Figure 8. Thermal Response 



Figure 9. Active Region 
Safe Operating Area 



0.4 0.6 1 2 4 6 10 20 40 

Vr, reverse voltage (VOLTS) 


Figure 10. Capacitance 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC'VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 9 is based on Tj(pk) = 150°C; Tq 
is variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
Tj(pk) ^ 150°C. Tj(pk) may be calculated from the data 
in Hgure 8. At high case temperatures, thermal limita- 
tions will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 


OUTLINE DIMENSIONS 



device title (i.e. MJD200-1) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 

High Voltage 
Power Transistors 

DPAK For Surface Mount Applications 

Designed for line operated audio output amplifier, switchmode power supply 
drivers and other switching applications. 

• Lead Formed for Surface Mount Applications in Plastic Sleeves (No Suffix) 

• Straight Lead Version in Plastic Sleeves (''-1" Suffix) 

• Lead Formed Version In 16 mm Tape and Reel ("RL" Suffix) 

• Electrically Similar to Popular MJE340 and MJE350 

• 300 V (Min) — VcEO(sus) 

• 0.5 A Rated Collector Current 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

Vdc 

Collector-Base Voltage 

VCB 

300 

Vdc 

Emitter-Base Voltage 

Veb 

3 

Vdc 

Collector Current — Continuous 

•c 

0.5 

Adc 

— Peak 


0.75 


Total Power Dissipation @ Tq = 25°C 

pd 

15 

Watts 

Derate above 25°C 


0.12 

W/°C 

Total Power Dissipation* @ T/\ = 25°C 

pd 

1.56 

Watts 

Derate above 25°C 


0.012 

W/°C 

Operating and Storage Junction 

Tstg 

-65 to -1-150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rdjc 

8.33 

°C/W 

Thermal Resistance, Junction to Ambient* 

R^ja 

80 

°C/W 

Lead Temperature for Soldering Purpose 

Tl 

260 

°c 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


1 Characteristic j 

1 Symbol | Min | 

1 Max j 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
dC = 1 mAdc, Ib = 0) 

VCEO(sus) 

300 

— 

Vdc 

Collector Cutoff Current (VcB = 300 Vdc, Ie = 0) 

•cbo 

— 

0.1 

mAdc 

Emitter Cutoff Current (Vbe = 3 Vdc, \q = 0) 

•ebo 

— 

0.1 

mAdc 

ON CHARACTERISTICS (1) 

1 DC Current Gain (Iq = 50 mAdc, Vce = 10 Vdc) 

hPE 

1 30 

240 



* When surface mounted on minimum pad sizes recommended. (continued) 

(1) Pulse Test: Pulse Width ^ 300 /as. Duty Cycle « 2%. 


NPN 

MJD340 

PNP 

MJD350 


SILICON 

POWER TRANSISTORS 
0.5 AMPERE 
300 VOLTS 
15 WATTS 


0 

CASE 369A-04 



CASE 369-03 


MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 
APPLICATIONS 




0.265 



0.090 1 0.090 


3-956 









hfrg, DC CURRENT GAW 


MJD340 NPN, MJD350 PNP 


TYPICAL CHARACTERISTICS 
MJD340 




10 20 30 50 100 200 300 500 

IC. COLLECTOR CURRENT (mA) 

Figure 2. "On" Voltages 


MJD350 MJD350 
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MJD340 NPN, MJD350 PNP 




There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq-Vce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 6 is based on Tj(p|() = 150°C; Tc 
is variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
Tj(pk) ^ 150°C. Tj(pk) may be calculated from the data 
in Figure 5. At high case temperatures, thermal limita- 
tions will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 


Figure 6. Active Region Safe Operating Area 



T, TEMPERATURE (X) 

Figure 7. Power Derating 
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MJD340 NPN, MJD350 PNP 


OUTLINE DIMENSIONS 




STYLE 1; 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


NOTES: 

1. SURFACE "T" IS BOTH A DATUM AND A 
MOUNTING SURFACE. 

2. POSITIONAL TOLERANCE FOR "D" DIAMETER, 
I -f I 013 (0.005) (M) I T I 

3. DIMENSIONING & TOLERANCING PER ANSI 
Y14.5M, 1982. 

4. CONTROLLING DIMENSION: INCH 


DIM 

MILUM 

ETERS 

INC 

RES 

MIN 

MAX 

MIN 

MAX 

A 

5.97 

6.22 

0.235 

0.245 

B 

6.35 

6.73 

0.250 

0.265 

C 

2.19 

2.38 

0.086 

0.094 

D 

0.69 

0.88 

0.027 

0.035 

E 

0.97 

1.06 

0.038 

0.042 

F 

0.64 

0.88 

0.025 

0.035 

G 

4.58 BSC 

0.180 

BSC 

H 

2.29 BSC 

0.090 

BSC 

J 

6.46 

0.58 

0.018 

0.023 

K 

2.59 

2.89 

0.102 

0.114 

L 

0.89 

1.27 

0.035 

0.050 

S 

5.21 

5.46 

0.205 

0.215 

U 

0.51 

_ 

0.020 

— 

V 

0.77 

1.14 

0.030 

0.045 


0.84 

0.94 

0.033 

0.037 

Y 

4.32 

— 

0.170 

— 

Z 

3.69 

— 

0.145 

— 


CASE 369A 04 




STYLE 1: 

PIN 1. BASE 

2, COLLECTOR 

3, EMIHER 

4, COLLECTOR 


NOTES 

1. SURFACE "T" IS BOTH A DATUM AND A 
MOUNTING SURFACE. 

2. POSITIONAL TOLERANCE F OR "D" DIAMETER. 
I ♦ I 0.13(0.005) ®l T I 

3. DIMENSIONING & TOLERANCING PER ANSI 
Y14.5M, 1982. 

4. CONTROLLING DIMENSION: INCH 


DIM 

MILUM 

ETERS 

INC 

RES 

MIN 

MAX 

MIN 

MAX 

A 

5.97 

6.22 

0.235 

0.245 

B 

6.35 

6,73 

0.250 

0.265 

C 

2.19 

2.38 

0.086 

0.094 


0.64 

0.88 

0.025 

0.035 


0.97 

1.06 

0,038 

0.042 

G 

2.29 

BSC 

0.090 

BSC 

J 1 

0.46 

0.58 

0,018 

0,023 

K 

8.89 

9.65 

0,350 

0.380 

L 

0.89 

1.27 

0.035 

0.050 

S 

5.21 

5.46 

0,205 

0.215 

V 

0 . 77 ”' 

1.14 

0.030 

0,045 

w 

0.84 

0.94 

0.033 

0.037 

Y 

1.91 

2.28 

0.075 

0.090 


CASE 369-03 


Case 369-03 may be ordered by adding a "-1" suffix to the device title (i.e. MJD340-1) 
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MOTOROLA 

■I SEMICONDUCTOR 

TECHNICAL DATA 

Complementary 
Power Transistors 

DPAK For Surface Mount Applications 

Designed for general purpose amplifier and low speed switching applications. 

• Lead Formed for Surface Mount Applications in Plastic Sleeves (No Suffix) 

• Straight Lead Version in Plastic Sleeves {"-1" Suffix) 

• Lead Formed Version Available in 16 mm Tape and Reel ("RL" Suffix) 

• Electrically Similar to MJE2955 and MJE3055 

• DC Current Gain Specified to 10 Amperes 

• High Current Gain-Bandwidth Product — fj = 2 MHz (Min) @ Ic = 500 mAdc 



3 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

Vdc 

Collector-Base Voltage 

VCB 

70 

Vdc 

Emitter-Base Voltage 

veb 

5 

Vdc 

Collector Current 

ic 

10 

Adc 

Base Current 

•b 

6 

Adc 

Total Power Dissipation @ Tq = 25°C 

PDt 

20 

Watts 

Derate above 25°C 


0.16 

W/°C 

Total Power Dissipation (1) @ Ta = 25X 

pd 

1.75 

Watts 

Derate above 25°C 


0.014 

W/°C 

Operating and Storage Junction 

Tj» Tstg 

- 55 to +150 

X 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

6.25 

X/W 

Thermal Resistance, Junction to Ambient (1) 

R^ja 

71.4 

x/w 


(1) These ratings are applicable when surface mounted on the minimum pad sizes recommended, 
t Safe Area Curves are indicated by Figure 1. Both limits are applicable and must be observed- 



MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 
APPLICATIONS 
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0.118 1.070" I 0.265' 





MJD2955 PNP, MJD3055 NPN 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

VcEO(sus) 

60 

— 

Vdc 

dC = 30 mAdc, Ib = 0) 





Collector Cutoff Current 

'CEO 

— 

50 

/LtAdc 

(VcE = 30 Vdc, Ib = 0) 





Collector Cutoff Current 

•CEX 



mAdc 

(VcE = 70 Vdc, VEB(off) = l-S Vdc) 


— 

0.02 


(VcE = 70 Vdc, VEB(off) = 1.5 Vdc, Tq = 150X) 


— 

2 


Collector Cutoff Current 

•CBO 



mAdc 

(VcB = 70 Vdc, Ie = 0) 


— 

0.02 


(VcB = 70 Vdc, Ie = 0, Tc = 150X) 


— 

2 


Emitter Cutoff Current 

•ebo 

_ 

0.5 

mAdc 

(Vbe = 5 Vdc, Ic = 0) 






ON CHARACTERISTICS 


DC Current Gain (1) 
dC = 4 Adc, VcE = 4 Vdc) 
dC = 10 Adc, VcE = 4 Vdc) 

hpE 

20 

5 

100 


Collector-Emitter Saturation Voltage (1) 

VCE(sat) 



Vdc 

dC = 4 Adc, Ib = 0.4 Adc) 


— 

1.1 


dC = 10 Adc, Ib = 3.3 Adc) 


— 

8 


Base-Emitter On Voltage (1) 

VBE(on) 

— 

1.8 

Vdc 

dC = 4 Adc, VcE = 4 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product * 


2 

— 

MHz 

dC = 500 mAdc, Vqe = 10 Vdc, f = 500 kHz) 






(1) Pulse Test: Pulse Width ^ 300 /as. Duty Cycle 2%. 


OUTLINE DIMENSIONS 



STYLE I: 

PIN 1. BASE 3. EMITTER 

2. COLLECTOR 4. COLLECTOR 



NOTES 

1, SURFACE "T" IS BOTH A DATUM AND A 
MOUNTING SURFACE. 

2, POSITIONAL TOLERANCE M R "D" DIAMETER. 
I ♦ 1 0.13 10.0051 ®l T I 

3. DIMENSIONING & TOLERANCING PER ANSI 
Y14.5M, 1982. 

4. CONTROLLING DIMENSION: INCH 


CASE 369-03 



Case 369-03 may be ordered by adding a "-1" suffix to the device title (i.e. MJD3055-1) 
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V, VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 


MJD2955 PNP, MJD3055 NPN 


TYPICAL CHARACTERISTICS 



25 50 75 100 125 150 

^ T, TEMPERATURE ("0 


Figure 1. Power Derating 



0.01 0.02 0.05 0.1 0.2 0.5 1 2 5 10 

IC, COLLECTOR CURRENT (AMP) 



0.06 0.1 0.2 0.4 0.6 1 2 4 

IC, COLLECTOR CURRENT (AMP) 


Figure 2. DC Current Gain 


Figure 3. Turn-On Time 



0.1 0.2 0.3 0.5 1 2 3 5 10 


IC, COLLECTOR CURRENT (AMP) 


5 

3 

2 



0.1 -| 

0.07 ==== — - 4-- = — = ==== = = — 
0.05 LL J J , ,1 

0.06 0.1 0.2 0.4 0.6 1 

IC, COLLECTOR CURRENT (AMP) 


1 1 1 — 

— Tj = 25°C 
•Vcc = 30V 

— ic/Ib = io 
IBi = Ib2 



2 4 


Figure 4. "On" Voltages, MJD3055 


Figure 5. Turn-Off Time 







MJD2955 PNP, MJD3055 NPN 



Rb and Rq VARIED TO OBTAIN DESIRED CURRENT LEVELS Vcc 



Di MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE Ib «100 mA 
MSD6100 USED BELOW Ib «100 mA 

Figure 7. Switching Time Test Circuit 



Figure 8. Thermal Response 



p nnRtttrt: 


■ WIRE BOND LIMIT 

• THERMAL LIMIT Jq = 25°C (D = 0.1) t 

• SECOND BREAKDOWN LIMIT 


0.01 L 


0.6 


1 2 4 6 10 20 

VcE- COLLECTOR-EMITTER VOLTAGE (VOLTS) 


40 60 


Figure 9. Maximum Forward Bias 
Safe Operating Area 


FORWARD BIAS SAFE OPERATING AREA 
INFORMATION 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq-Vce 
limits of the transistor that must be observed for reliable 
operation; I.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 9 is based on Tj(p|() = 150°C; Tq is 
variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
Tj(pk) ^ 150°C. Tj(pk) may be calculated from the data 
in Figure 8. At high case temperatures, thermal limita- 
tions will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Complementary Darlington 
Power Transistors 

DPAK For Surface Mount Applications 


PNP 

MJD6036 

NPN 

MJD6039 


Designed for general purpose power and switching such as output or driver 
stages in applications such as switching regulators, convertors, and power 
amplifiers. 

• Lead Formed for Surface Mount Applications in Plastic Sleeves (No Suffix) 

• Straight Lead Version in Plastic Sleeves ("-1" Suffix) 

• Available on 16 mm Tape and Reel for Automatic Handling ("RL" Suffix) 

• Surface Mount Replacements for 2N6034-2N6039 Series 

• Monolithic Construction With Built-in Base-Emitter Shunt Resistors 

• High DC Current Gain — hpg = 2500 (Typ) @ Iq = 4 Adc 

• Complementary Pairs Simplifies Designs 


MAXIMUM RATINGS 


Rating 

Symbol 

MJD6036 

MJD6039 

Unit 

Collector-Emitter Voltage 

VCEO 

80 

Vdc 

Collector-Base Voltage 

VCB 

80 

Vdc 

Emitter-Base Voltage 

Veb 

5 

Vdc 

Collector Current — Continuous 

'C 

4 

Adc 

Peak 

8 


Base Current 

Ib 

100 

mAdc 

Total Power Dissipation @ Tc = 25X 

Pd 

20 

Watts 

Derate above 25°C 


0.16 

W/°C 

Total Power Dissipation (1) @ T/^ = 25°C 

Pd 

1.75 

Watts 

Derate above 25°C 


0.014 

W/°C 

Operating and Storage Junction 

Tj. Tstg 

— 65 to -1-150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

6.25 

°C/W 

Thermal Resistance, Junction to Ambient (1) 

R^ja 

71.4 

°CA/V 

^ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic 

Symbol 

Min 1 Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
dC = 30 mAdc, Ib = 0) 

VCEO(sus) 

80 

— 

Vdc 

Collector-Cutoff Current 
(VcE = 40 Vdc, Ib = 0) 

'CEO 


10 

i 

(xAdc 


(1) These ratings are applicable when surface mounted on the minimum pad sizes recommended. (continued) 
* Pulse Test: Pulse Width « 300 fis, Duty Cycle « 2%. 


SILICON 

POWER TRANSISTORS 
4 AMPERES 
80 VOLTS 
20 WATTS 



MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 
APPLICATIONS 
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MJD6036 PNP, MJD6039 NPN 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25X unless otherwise noted) 

I Characteristic 1 Symbol I Min I Max I Unit 


ON CHARACTERISTICS (1) 


DC Current Gain 
(Ic = 1 Adc, VcE = 4 Vdc) 
dC = 2 Adc, VcE = 4 Vdc) 

^^FE 

1000 

500 

- 

— 

Collector-Emitter Saturation Voltage 
dC = 2 Adc, Ib = 8 mAdc) 

VCEIsat) 

— 

2.5 

Vdc 

Base-Emitter On Voltage 
dC = 2 Adc, VcE = 4 Vdc) 

VBE(on) 

— 

2.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

dC = 0.75 Adc, VcE = 10 Vdc, f = 1 kHz) 1 

l^ifel 

25 

— 

— 

Output Capacitance 


Cob 



PF 

(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) 

MJD6036 


— 

200 



MJD6039 


— 

100 



(1) Pulse Test: Pulse Width 300 fis, Duty Cycle 2%. 


Rb & Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
Di, MUST BE FAST RECOVERY TYPES, e.g., 

MBD5300 USED ABOVE Ib - 100 mA 
MSD6100 USED BELOW Ifl « 100 mA jUT 

V2 rr r” ; 


SCOPE 


APPROX 
+ 8V 

0--7 

Vi 

APPROX--! 
-12 V 




Dl 




+ 4V 



-25 ^JLS 


tf 10 ns 
DUTY CYCLE = 1% 


— 1 — \ 1 — r-TTTT] 

Vcc = 30 V Ibi = Ib 2 
Ic/Ib = 250 Tj = 25°C I 


FOR td AND tr, Di IS DISCONNECTED 
AND V2 = 0 

FOR NPN TEST CIRCUIT REVERSE ALL POLARITIES. 



0.1 0.2 0.4 0.6 1 

lO COLLECTOR CURRENT (AMP) 


Figure 1. Switching Times Test Circuit 


Figure 2. Switching Times 


3 
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COLLECTOR CURRENT (AMPS) 


MJD6036 PNP, MJD6039 NPN 


TYPICAL ELECTRICAL CHARACTERISTICS 






V, VOLTAGE (VOLTS) Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 









M 
= 2£ 

i0_^ 

/ 



0.04 0.06 0.1 0.2 0.4 0.6 1 

IC, COLLECTOR CURRENT (AMP) 


0.04 0.06 0.1 0.2 0.4 0.6 

IC, COLLECTOR CURRENT (AMP) 


Figure 9. “On" Voltages 





MJD6036 PNP, MJD6039 NPN 


PNP MJD6036 


NPN MJD6039 


♦APPLIES FOR Ir/lB < I" 


♦APPLIED FOR Ir/lR < hFE/3- 



INI 

-55°Cto25°C- 


0.04 0.06 0.1 0.2 0.4 0.6 1 

IC, COLLECTOR CURRENT (AMP) 



0.04 0.06 0.1 0.2 0.4 0.6 

IC, COLLECTOR CURRENT (AMP) 


Figure 10. Temperature Coefficients 


VcE = 30 V 


VCE = 30 V 


hO.6 +0.4 +0.2 0 -0.2 -0.4 -0.6 -0.8 -1 -1.2 -1.4 

Vbe, base-emitter VOLTAGE (VOLTS) 



-0.6 -0.4 -0.2 0 +0.2 +0.4 +0.6 +0.8 +1 +1.2 +1,4 

Vbe, base emitter voltage (volts) 


Figure 11. Collector Cut-Off Region 




Figure 12. Darlington Schematic 









MJD6036 PNP, MJD6039 NPN 


OUTLINE DIMENSIONS 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 

Designer's Data Sheet 

High Voltage Switchmode Series 

DPAK For Surface Mount Applications 

This device is designed for high-voltage, high-speed power switching inductive circuits 
where fall time is critical. It is particularly suited for 115 and 220 V SWITCHMODE appli- 
cations such as switching regulators, Inverters, motor controls, solenoid/relay drivers 
and deflection circuits. 

• Lead Formed for Surface Mount Applications In Plastic Sleeves {No Suffix) 

• Straight Lead Version in Plastic Sleeves ("-1" Suffix) 

• Lead Formed Version in 16 mm Tape and Reel ("RL" Suffix) 

• Reverse Biased SOA with Inductive Loads @ Tc = 100°C 

• Inductive Switching Matrix 0.5 to 1.5 Amp, 25 and 100°C . . . tc @ 1 A, 

100°C is 290 ns (Typ) 

• 700 V Blocking Capability 

• Switching and SOA Applications Information 

• Electrically Similar to the Popular MJE13003 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

400 

Vdc 

Collector-Emitter Voltage 

VCEV 

700 

Vdc 

Emitter Base Voltage 

vebo 

9 

Vdc 

Collector Current — Continuous 

ic 

1.5 

Adc 

— Peak(l) 

•cm 

3 


Base Current — Continuous 

Ib 

0.75 

Adc 

— Peak(l) 

•bm 

1.5 


Emitter Current — Continuous 

'E 

2.25 

Adc 

— Peak(l) 

«EM 

4.5 


Total Power Dissipation @ Ta = 25°C (2) 

Pd 

1.56 

Watts 

Derate above 25°C 


0.0125 

W/°C 

Total Power Dissipation @ Tc = 25°C 

pd 

15 

Watts 

Derate above 25°C 


0.12 

W/°C 

Operating and Storage Junction Temperature Range 

Tj/ Tstg 

-65 to +150 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

8.33 

XA/V 

Thermal Resistance, Junction to Ambient (2) 

R^ja 

80 

X/W 

Maximum Lead Temperature for Soldering Purposes 

Tl 

260 

X 


(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle ^ 10%. 

(2) When surface mounted on minimum pad sizes recommended. 


MJD13003 


NPN SILICON 
POWER TRANSISTOR 
1.5 AMPERES 
400 VOLTS 
15 WATTS 


# 


CASE 369A-04 



CASE 369-03 


MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 
APPLICATIONS 


6.7 

0.265 



0.063 I I 0-063 
2,3 2.3 ' 


0,090 1 0.090 
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MJD13003 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage (Iq = 10 mA, Iq = 0) 

VcEO(sus) 

400 

— 

— 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(VcEV = Rated Value, VBE(off) = 1-5 Vdc) 


__ 

— 

0.1 


(VcEV == Rated Value, VBE(off) - ^ = 100°C) 


— 

— 

2 


Emitter Cutoff Current (Veb = 9 Vdc, Ic = 0) 

'ebo 

- 

- 

1 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•S/b 

See Figure 1 1 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 12 



ON CHARACTERISTICS (1) 


DC Current Gain (\q = 0.5 Adc, Vqe = 2 Vdc) 
dC = 1 Adc, VcE = 2 Vdc) 

hFE 

8 

5 

— 

40 

25 

— 

Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

dC = 0.5 Adc, Ib = 0.1 Adc) 


— 

— 

0.5 


dC = 1 Adc, Ib = 0.25 Adc) 


— 

— 

1 


dC = 1.5 Adc, Ib = 0.5 Adc) 


— 

— 

3 


dC = 1 Adc, Ib - 0.25 Adc, Tc = 100°C) 


— 

— 

1 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 0.5 Adc, Ib = 0.1 Adc) 


— 

— 

1 


dC = 1 Adc, Ib = 0.25 Adc) 


— 

— 

1.2 


dC = 1 Adc, Ib = 0.25 Adc, Tq = 100X) 


— 

— 

1.1 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 100 mAdc, VcE = 10 Vdc, f = 1 MHz) 

fj 


10 

— 

MHz 

Output Capacitance (V^b = 10 Vdc, Ie = 0, f = 0.1 MHz) 

Cob 

- 

21 

- 

PF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

Vcc = 125 Vdc, Ic = 1 A, 

•b 1 = 182 = 0.2 A, tp - 25 ^ts. 

Duty Cycle ^ 1% 

td 

- 

0.05 

0.1 

/xs 

Rise Time 

tr 

- 

0.5 

1 

flS 

Storage Time 

Is 

- 

2 

4 

IXS 

Fall Time 

tf 

- 

0.4 

0.7 

fXS 

Inductive Load, Clamped (Table 1, Figure 13) | 

Storage Time 

Ic = 1 A, Vciamp = 300 Vdc, 

Ibi = 0.2 A, VBE(off) = 5 Vdc, 

Tc = 100°C 

Isv 

- 

1.7 

4 

flS 

Crossover Time 

tc 

- 

0.29 

0.75 

fXS 

Fall Time 

tfi 

- 

0.15 

— 

flS 


(1) Pulse Test: Pulse Width = 300 pts, Duty Cycle ^ 2%. 



Case 369-03 may be ordered by adding a "-1” suffix to the device title (i.e. MJD1 3003-1) 
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Ic, COLLECTOR CURRENT (^A) V, VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 


MJD13003 




Figure 1. DC Current Gain 


Figure 2. Collector Saturation Region 






0.1 0.2 0.5 1 2 5 10 20 50 (100 200 50011000 


Vr, reverse voltage (VOLTS) 


Figure 5. Collector Cutoff Region 


Figure 6. Capacitance 






MJD 13003 


Table 1. Test Conditions For Dynamic Performance 


REVERSE BIAS SAFE OPERATING AREA AND INDUCTIVE SWITCHING 


_N_ 

DUTY CYCLE 10% 
tp tf ^ 10 ns 


NOTE; 

PW and Vcc Adjusted for Desired Ic 
Rb Adjusted for Desired 10. 



RESISTIVE 

SWITCHING 


^ *SELECTED FOR ^ 1 kV 
VCE 



COIL DATA: 

FERROXCUBE CORE #6656 
FULL BOBBIN (-200 TURNS) #20 


tf CLAMPED 



VCE t jvcEWf 

I Vclamp 

TIME Lt2H 


GAP FOR 30 mH/2 A 
Lcoil = 50 mH 

OUTPUT WAVEFORMS 

tf ADJUSTED TO 
OBTAIN Ic 

Unjicgji 

' Vcc 
_ koil (ICpit) 
^ '^clamp 


Vcc = 20 V 
Vclamp = 300 Vdc 


TEST EQUIPMENT 
SCOPE-TEKTRONICS 
475 OR EQUIVALENT 


Vcc = 125 V 
RC = 125 a 
D1 = 1N5820OREQUIV. 
Rb = 47 a 

+ 10.3v l ^ 25 /IS 


tp tf < 10 ns 
DUTY CYCLE = 1.0% 

Rb and Rc adjusted 

FOR DESIRED Ib AND Ic 










— 





_ 

_ 

VCE — 




Table 2. Typical Inductive Switching Performance 


Vclarnp / V 90% *0 

- isv H * ifv [in "V iti - 


10% Vclamp 10%^P~4--H 

— FMicpKi-2%d 


TC 

tsv 

trv 

tfl 

tti 

tc 

»c 

fis 

flS 

/AS 

/AS 

/AS 

25 

1.3 

0.23 

0.30 

0.35 

0.30 

100 

1.6 

0.26 

0.30 

0.40 

0.36 

25 

1.5 

0.10 

0.14 

0.05 

0.16 

100 

1.7 

0.13 

0.26 

0.06 

0.29 

25 

1.8 

0.07 

0.10 

0.05 

0.16 

100 

3 

0.08 

0.22 

0.08 

0.28 


. — 

— V 







-- — 


NOTE: All Data Recorded in the Inductive Switching Circuit in Table 1 





... — 














TIME 

Rgure 7. Inductive Switching Measurements 








Mt), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


MJD13003 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, for 
inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate mea- 
surements must be made on each waveform to deter- 
mine the total switching time. For this reason, the fol- 
lowing new terms have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% Vdamp 

trv = Voltage Rise Time, 10-90% Vdamp 

tfj = Current Fall Time, 90-10% Iq 

tti = Current Tail, 10-2% Iq 

tc = Crossover Time, 10% Vdamp to 10% Iq 

An enlarged portion of the inductive switching wave- 


forms is shown in Figure 7 to aid in the visual identity of 
these terms. 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power 
losses occur during the crossover interval and can be 
obtained using the equation: 

PSWT = 1/2 Vcclc(tc)f 

In general, trv + tfi - tc- However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resis- 
tive switching is specified at 25X and has become a 
benchmark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifi- 
cations which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tg and tgy) which are 
guaranteed at 100°C. 


RESISTIVE SWITCHING PERFORMANCE 





Figure 10. Thermal Response 
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MJD13003 


The Safe Operating Area figures shown in Figures 11 and 12 
are specified ratings for these devices under the test conditions 
shown. 



5 10 20 50 100 200 300 500 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

Figure 11. Active Region Safe Operating Area 



Figure 12. Reverse Bias Safe Operating Area 


SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC“VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on Tq = 25°C; Tj(pk) 
is variably depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Allowable current at the volt- 
ages shown on Figure 1 1 may be found at any case tem- 
perature by applying curves on Figure 13. 

T j(pk) rnay be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will re- 
duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current conditions during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode, Figure 
12 gives RBSOA characteristics. 
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Figure 13. Power Derating 
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MOTOROLA 

■i SEMICONDUCTOR 

TECHNICAL DATA 



MEDIUM-POWER PNP SILICON TRANSISTOR 

... for use as an output device in complementary audio amplifiers 
up to 20-Watts music power per channel. 

• High DC Current Gain - hpE = 25-100 @ Iq = 2.0 A 

• Thermopad High-Efficiency Compact Package 

• Complementary to NPN MJE205 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

50 

Vdc 

Collector-Base Voltage 

VCB 

50 

Vdc 

Emitter-Ba^ Voltage 

CD 

UJ 

> 

40 

Vdc 

Collector Current 

'c 

5.0 

Adc 

Base Current , 

•b 

2.5 

Adc 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

PdD) 

65 

0.522 

Watts 

W/OC 

Operating and Storage Junction 

Temperature Range 

Tj< ^stg 

1 

-55 to +150 

OC 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thernrial Resistance, Junction to Case 

<>JC 

1.92 

OC/W 


( 1 1 Safe Area Curves are indicated by F igure 1 . Both limits are applicable and must be observed. 



(2) PulseTest: Pulse Width ^300 /us, Duty Cycle ^2.0%. 


5 AMPERE 

POWER TRANSISTOR 
PNP SILICON 

50 VOLTS 
65 WATTS 
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Ic, COLLECTOR CURRENT (AMPS) 


IVIJE105 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 


VCE. COLLECTOR EMITTER VOLTAGE (VOLTS) 


FIGURE 2 - “ON" VOLTAGES 



IC. COLLECTOR CURRENT (AMPS) 


There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 
The data of Figure 1 is based on Tj(pk) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) ^150°C. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. 
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IC, COLLECTOR CURRENT (AMPS) 


FIGURE 4 - POWER DERATING 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


I 


PNP 

MJE170 thru MJE172 

NPN 

MJE180 thru IVUE182 


COMPLEMENTARY PLASTIC SILICON 
POWER TRANSISTORS 

, . . designed for low power audio amplifier and low current, high 
speed switching applications. 

• Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 40 Vdc - MJE170, MJE180 
= 60Vdc-MJE171,MJE181 
= 80 Vdc-MJE172, MJE182 

• DC Current Gain — 

hpE = 30 (Min) @ Iq = 0.5 Adc 
= 12 (Min) @ Ic = 1.5 Adc 

• Current-Gain — Bandwidth Product — 

fj = 50 MHz (Min) @ Iq = 100 mAdc 

• Annular Construction for Low Leakages - 

•CBO =100 nA (Max) @ Rated Vqb 


MAXIMUM RATINGS 


Rating 

Symbol 

IVIJE170 

IVIJE180 

MJE171 

MJE181 

MJE172 

MJE182 

Unit 

Collector-Base Voltage 

VCB 

60 

80 

100 

Vdc 

Collector-Emitter Voltage 

VCEO 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 


Vdc 


Collector Current — Continuous 

Peak 

■c . 


Adc 



Base Current 

'b 


Adc 


Total Power Dissipation @ T/^ = 25°C 
Derate above 25°C 

Pd 


Watts 

\NI°C 



Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 


Watts 

W/OC 

■ 0 1 


Operating and Storage Junction 
Temperature Range 

Tj,Tstg 


65 to -H5 


°C 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

10 

oc/w 

Thermal Resistance, Junction to 
Ambient 

^^JA 

83.4 

Oc/W 


3 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40-60-80 VOLTS 
12.5 WATTS 
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I" H — T c 

m.^U*T 


STYLE 1: 

PINT EMIHER 

2. COLLECTOR 

3, BASE 



NOTES: 

1. LEADS, TRUE POSITIONED WITHIN 0,25mm (0,0101 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION, 


DIM 

MILUM 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

10,80 

11.04 

0.425 

0.435 

B 

7.50 

7.74 

0.295 

0.305 

C 

2.42 

2.66 

0.096 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 


3.17 

0.116 

0.125 

Q 

2.32 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.39 

0.63 

0.015 

0.025 

K 

14,61 

16.63 

0.575 

0.65S 

M 

3°’ 

FYP 

3 „. 

FYP 

Q 

3.76 

4.01 

0.148 

0,158 

R 

1,15 

1.39 

0.045 

0,055 

S 

0.64 

0.88 

0.025 

0.035 

U 

3.69 

3.93 

0.145 

0,155 

V 

1.02 

- 

0.040 

- 


CASE 77-05 
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MJE170, MJE171, MJE172, PNP MJE180, MJE181, MJE182 NPN 


ELECTR ICAL CHAR ACTE R ISTICS (Tq = 25°C unless otherwise noted) 

( Characteristic ) Symbol | Min 1 Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
dc = 10 mAdc, Ib = 0) 

MJE170, MJE180 

MJE171, MJE181 

MJE172, MJE182 

VCEO(sus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


■CBO 



/LtAdc 

(VcB = 60 Vdc, Ie = 0) 

MJE170, MJE180 


— 

0.1 


(VcB = 80 Vdc, Ie = 0) 

MJE171, MJE181 


- 

0.1 


(VcB = 100 Vdc, Ie = 0) 

MJE172, MJE182 


- 

0.1 


(VcB = 60 Vdc, Ie = 0, Tc = 150°C) 

MJE170, MJE180 


- 

0.1 

mAdc 

(VcB = 80 Vdc, Ie = 0, Tc = 1 50°C) 

MJE171, MJE181 


- 

0.1 


(VcB = 100 Vdc, Ie = 0, Tc = 150°C) 

MJE172, MJE182 


- 

0.1 


Emitter Cutoff Current 


•ebo 



/uAdc 

(Vbe = 7.0 Vdc, Ic = 0) 



- 

0.1 



ON CHARACTERISTICS 


DC Current Gain 
dc = 100 mAdc, VcE = 10 Vdc) 
dc = 500 mAdc, VcE = 10 Vdc) 
dc= 1.5 Adc, VcE = 10 Vdc) 





Collector-Emitter Saturation Voltage 




Vdc 

dc = 500 mAdc, Ib = 50 mAdc) 


— 



dc= 1.5 Adc, Ib= 150 mAdc) 


- 



dc = 3.0 Adc, Ib = 600 mAdc) 


- 



Base-Emitter Saturation Voltage 




Vdc 

dc= 1.5 Adc, Ib = 150 mAdc) 


— 



dc = 3.0 Adc, 1 B = 600 mAdc) 


- 



Base-Emitter On Voltage 




Vdc 

dc = 500 mAdc, Vce = 10 Vdc) 


- 

1.2 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (1) 
dc = 100 mAdc, Vce = 10 Vdc, ftest = lO MHz) 

fT 

50 

_ 

MHz 

Output Capacitance 




pF 

(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) MJE170/MJE172 


- 



MJE180/MJE182 


- 




(1) fj = |hfe 1 • ^test 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


Vcc 

+30 V 



tr, tfSlIO ns 
DUTY CYCLE = 1.0% 



RB and Rq VARIED TO OBTAIN DESIRED CURRENT LEVELS 


0i MUST BE FAST RECOVERY TYPE, eg; 
MBD5300 USED ABOVE Ib =^100 mA 
MSD6100 USED BELOW Ib ^100 mA 
For PNP test circuit, reverse all polarities. 
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MJE170, MJE171, IV1JE172, PNP MJE180, MJE181, MJE182 NIPN 


FIGURE 4 - THERMAL RESPONSE 









MJE170, MJE171, MJE172, PNP MJE180, MJEISI, MJE182 NPN 












MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


I 


NPN 

MJE200 

PNP 

IVUE210 


COMPLEMENTARY SILICON POWER 
PLASTIC TRANSISTORS 

. . . designed for low voltage, low-power, high-gain audio amplifier 
applications. 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 25 Vdc (Min) @ Ic = 10 mAdc 

• High DC Current Gain - hpE = 70 (Min) @ Iq = 500 mAdc 

= 45 (Min) @ Ic = 2.0 Adc 
= 10 (Min) @ Ic = 5.0 Adc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) 0.3 Vdc (Max) @ Ic = 500 mAdc 
= 0.75 Vdc (Max) @ Ic = 2.0 Adc 

• High Current-Gain — Bandwidth Product — 

fj = 65 MHz (Min) @ Ic = 100 mAdc 

• Annular Construction for Low Leakage - IcBO =100 nAdc@ Rated VcB 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

VcB 

40 

Vdc 

Collector-Emitter Voltage 

VCEO 

25 

Vdc 

Emitter-Base Voltage 

Veb 

8.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

Peak 


10 


Base Current 

'b 

1.0 

1 

Adc 

Total Power Dissipation @ Tq = 25°C 

Pd 

15 

Watts 

Derate above 25°C 


0.12 

W/OC 

Total Power Dissipation @ T/;^ = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 

0.012 

W/^C 

Operating and Storage Junction 

TjTstg 

-65 to +150 

"C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

^JC 

8.34 

OC/W 

Thermal Resistance, Junction to Ambient 

^JA 

83.4 

°C/W 


5 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

25 VOLTS 
15 WATTS 
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STYLE 1: 

PINT EMITTER 

2. COLLECTOR 

3. BASE 



NOTES: 

1. LEADS, TRUE POSITIONED WITHIN 0.25mm 10.010) 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MILUN 

ETEHS 

INCI 

HES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.04 

0.425 

0.436 

B 

7.50 

7,74 


0.306 

c 

2.42 

2.66 

_ 0.095 

0,106 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.93 

3.17 

0.115 

0.125 

0 

2.32 

2:46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0,095 

J 

0.39 

0.63 

0.015 

0.025 . 

K 

14,61 

16.63 

0,575 

0.655 

M 

3°1 

FYP 


rvp 

Q 

3.76 

4.01 

0.148 

0.168 

R 

1.15 

1.39 

0.046 

0.055 

S 

0.64 

0.88 

0.025 

0.035 

U 

3.69 

3.93 

0.145 

0.165 

V 

1.02 

- 

0.040 

- 


CASE 77-05 
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MJE200, NPN MJE210 PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

VCEOIsus) 

25 

- 

Vdc 

(Iq = 10 mAdc, Ib = 0) 




Collector Cutoff Current 

•CBO 




(Vcb = 40 Vdc, Ie = 0) 

- 

100 

nAdc 

(VcB = 40 Vdc, Ie = 0, Tj = 125°C) 


- 

100 

MAdc 

Emitter Cutoff Current 

•ebo 



nAdc 

(Vbe = 8.0 Vdc, Ic = 0) 

- 

100 



ON CHARACTERISTICS 


DC Current Gain (1) 
dC = 500 mAdc, VqE = 10 Vdc) 

{IC = 2.0 Adc, VcE = 10 Vdc) 
dC = 5.0 Adc, VcE = 2.0 Vdc) 

hpE 

B 

180 


Collector-Emitter Saturation Voltage (1) 




Vdc 

dc = 500 mAdc, Ib = 50 mAdc) 


— 



dc = 2.0 Adc, Ib = 200 mAdc) 


— 



dg = 5.0 Adc, Ib = 1.0 Adc) 


- 



Base-Emitter Saturation Voltage (1) 

Vbe (sat) 

- 

2.5 

Vdc 

dC= 5.0 Adc, Ib= 1.0 Adc) 





Base-Emitter On Voltage (1) 

VBE(on) 

- 

1.6 

Vdc 

dc = 2.0 Adc, VcE = 10 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 
dc = 100 mAdc, VcE = 10 Vdc, ftest = 10 MHz) 


65 

■ - 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) MJE200 

MJE210 

^ob 

1 1 


pF 


( 1 ) Pulse test: Pulse Width = 300 jus, Duty Cycle ^ 2.0%. 

(2) fj = I hfel • ftest 


3 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 



tr, tf <110 ns 
DUTY CYCLE = 1.0% 


■t-30 V 



Rb and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE Ib ^100 mA 
MSD6100 USED BELOW Ib ^100 mA 


FOR PNPTEST CIRCUIT, REVERSE ALL POLARITIES 
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r{t), TRANSIENT THERMAL RESISTANCE 

t, TIME (ns) IC, COLLECTOR CURRENT (AMP) (NORMALIZED) 


MJE200, NPN MJE210 PNP 


FIGURE 4 - THERMAL RESPONSE 



t. TIME (ms) 


FIGURE 5- ACTIVE REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate lc'\/CE I'fnitsof the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(pk) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|^) ^ 150°C. Tj(pi<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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IC, COLLECTOR CURRENT (AMP) 


FIGURE 7 - CAPACITANCE 
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dy. TEMPERATURE COEFFICIENTS (mV/oC) V, VOLTAGE (VOLTS) hPE, DC CURRENT GAIN 


MJE200, NPN MJE210 PNP 


NPN 

MJE200 


PNP 

MJE210 


FIGURE 8 - DC CURRENT GAIN 
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MOTOROLA 

■I SEMICONDUCTOR 

TECHNICAL DATA 


NPN 

MJE240, MJE241 
MJE243, MJE244 

PNP 

MJE250 thru MJE254 


3 


COMPLEMENTARY SILICON POWER 
PLASTIC TRANSISTORS 

. . . designed for low power audio amplifier and low-current, high- 
speed switching applications. 

• High Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 80 Vdc (Min) — MJE240, MJE250/2 
= 100 Vdc (Min) — MJE243/4, MJE253/4 

• High DC Current Gain @ \c = 200 mAdc 

hpE = 40-200 — MJE240, MJE250 

= 40-120 — MJE241,243, MJE251,253 
= 25 (Min) — MJE244, MJE252,54 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.3 Vdc (Max) @ Ic = 500 mAdc 

• High Current Gain Bandwidth Product — 

fj = 40 MHz (Min) @ Iq = 100 mAdc 

• Annular Construction for Low Leakages 

ICBO = 100 nAdc (Max) @ Rated Vqb 


MAXIMUM RATINGS 




MJE240 

MJE241 

MJE250 

MJE2S1 

MJE2S2 

MJE243 

MJE244 

MJE2S3 

MJE254 


Collector-Emitter Voltage 

VCEO 

80 

100 

Vdc 

Collector-Base Voltage 

VCB 

80 

100 

Vdc 

Emitter-Base Voltage 

Veb 

7.0 

Vdc 

Collector Current — Continuous 

Peak 

'c 

4.0 

8.0 

Adc 

Base Current 

'b 

1.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

Pd 

15 

0.12 

Watts 

W/OC 

Total Power Dissipation @ T^ = 25°C 

Derate above 25°C 

Pd 

1.5 

0.012 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 

T^J'^stg 

-65 to 

+ 150 



THERMAL CHARACTERISTICS 
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MJE240, MJE241, MJE243, MJE244, NPN, 
MJE250 thru MJE254, PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


1 Characteristic 

1 Symbol | 

Min 1 

Max 1 

1 Unit 1 

OFF CHARACTERISTICS 






Collector-Emitter Sustaining Voltage 
(IC = lOmAdc, Ib = 0) 

MJE240,MJE241. 

MJE250,MJE251,MJE252 

MJE243,MJE244 

MJE253.MJE254 

VCEO(sus) 

80 

100 

- 

Vdc 

Collector Cutoff Current 


•CBO 




(VcB = 80 Vdc, Ie = 0) 

MJE240,MJE241. 


- 

0.1 

MAdc 


MJE250,MJE251,MJE252 





(VcB = 100 Vdc. Ie = 0) 

MJE243,MJE244. 


- 

0.1 



MJE253,MJE254. 





(VcE = 80 Vdc, Ie = 0. Tc = 125®C) 

MJE240,MJE241. 


- 

0.1 

mAdc 


MJE250.MJE251,MJE252. 





(VcE = 100 Vdc, Ie = 0, Tc = 125°C) 

MJE243,MJE244 


- 

0.1 



MJE253,MJE254 





Emitter Cutoff Current 


'ebo 



MAdc 

(Vbe = 7.0 Vdc, Ic = 0) 



- 

0.1 



ON CHARACTERISTICS 


DC Current Gain 

(Ic = 200 mAdc, VcE = 10 Vdc) MJE240,MJE250 

MJE241,MJE251, 

MJE243,MJE253 

MJE252. I 
MJE244,MJE254 » 

(Ic = 1.0 Adc, VcE = 1.0 Vdc) MJE241,MJE251, 

MJE243,MJE253 

(IC= I.OAdc, VcE = I.OVdc) MJE252 1 

MJE244,MJE254 J 

(Ic = 2.0 Adc, VcE = 1 0 Vdc) MJE240,MJE250 

hpE 

40 

40 

40 

25 

20 

15 

10 

15 

200 

120 

180 


Collector-Emitter Saturation Voltage 
dc = 500 mAdc, Ib = 50 mAdc) All Types 

(IC= I.OAdc, Ib= 100 mAdc) MJE241.MJE251, > 

MJE243,MJE253 f 

(Ic = 2.0 Adc, Ib = 200 mAdc) MJE240. MJE250 

VcE(sat) 

- 

0.3 

0.6 

0.8 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 2.0 Adc, Ib = 200 mAdc) 

VBE(sat) 

_ 

1.8 

Vdc 

Base-Emitter On Voltage 
dc = 500 mAdc, VcE = 10 Vdc) 

VBE(on) 

- 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 100 mAdc, VcE = 10 Vdc, ftest = 10 MHz) 


40 

_ 

MHz 

Output Capacitance 

(VcB = 10 Vdc. Ie = 0, f = 0.1 MHz) MJE240/MJE244 

MJE250/MJE254 

Cpb 

1 1 

50 

70 

pF 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 



RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE Ib ^100 mA 
MSD6100 USED BELOW Ib ^100 mA 


FOR PNP TEST CIRCUIT, REVERSE ALL POLARITIES 
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MJE240, MJE241, MJE243, MJE244, NPN, 
MJE250 thru MJE254, PNP 


FIGURE 4 - THERMAL RESPONSE 
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DUTY CYCLE, D = ti/t2 


— ^ 0JC(t) = r(t) diC -I 
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FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 
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THERMALLY LIMITED @ Tc = 250C 

(SINGLE PULSE) H-tt- 1 

SECOND BREAKDOWN LIMITED 
CURVES APPLY BELOW^^^^ 
tzRATEDVcE04=t±£^^= 


— rt MJE240 MJE250/MJE252 

MJE243/MJE244, MJE253/MJE254 


2.0 3.0 5.0 7.0 10 20 30 50 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic'VcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figures is based onTj(pk) = 150°C; T^; is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) ^ 150°C. Tjjp^) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 6 - TURN-OFF TIME 
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FIGURE 7 - CAPACITANCE 
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dy, TEMPERATURE COEFFICIENTS (mV/oC) V, VOLTAGE (VOLTS) hpE. DC CURRENT GAIN 


MJE240, MJE241, MJE243, MJE244, NPN 
MJE250 thru MJE254, PNP 


NPN 

MJE240 thru MJE244 
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MJE250 thru MJE254 


FIGURE 8 - DC CURRENT GAIN 
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FIGURE 9 - "ON" VOLTAGES 
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FIGURE 10 - TEMPERATURE COEFFICIENTS 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


PLASTIC MEDIUM POWER NPN 
SILICON TRANSISTOR 

. . . useful for high-voltage general purpose applications. 

• Suitable for Transformerless, Line-Operated Equipment 

• Thermopad Construction Provides High Power Dissipation Rating 
for High Reliability 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

Vdc 

Emitter-Base Voltage 

Veb 

3.0 

Vdc 

Collector Current — Continuous 

'C 

500 

mAdc 

Total Power Dissipation @ Tq = 25°C 

Pd 

20 

Watts 

Derate above 25°C 

0.16 

W/OC 

Operating and Storage Junction 
Temperature Range 

Tj. Tjtg j 
1 

-65 to +150 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

®JC 

6.25 

OC/W 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage ' 
(IC= 1.0 mAdc, Ib = 0) 

VcEO<sus) 

300 

- 

Vdc 

Collector Cutoff Current 
<Vcb = 300 Vdc. Ie =0) 

•CBO 

- 

100 

MAdc 

Emitter Cutoff Current 
(Veb = 3.0 Vdc, Ic f 0) 

•ebo 

- 

100 

MAdc 


ON CHARACTERISTICS 


DC Current Gain 

hFE 

30 

240 

_ 

dc = 50 mAdc, Vqe = 10 Vdc) 





IVIJE340 


0.5 AMPERE 

POWER TRANSISTOR 
NPN SILICON 

300 VOLTS 
201 WATTS 




2. COLLECTOR 

3. BASE 


, NOTES: 

1. LEADS, TRUE POSITIONED WITHIN 0.25mm 10,010) 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION, 


MM 

MILUM 

ETIRS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11,04 

0.425 

0.435 

B 

7.50 

7.74 

0.295 

0.305 

C 

2.42 

2.66 

0.096 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.93 

3,17 

0.115 

0.125 

lEj 

2.32 

246 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.39 

0.63 

0.015 

0.025 

K 

14.61 

16.63 

0.575 

0.655 

M 

3“] 

rvp 

jol 

rvp 


3.76 

4,01 

0.148 

0.158 


1.15 

1.39 

0.045 

0.055 

s 

0.64 

0.88 

0.025 

0.035 

u 

3.69 

3.93 

0.145 

0.155 

V 

1.02 

- 

0.040 



CASE 77-05 


I 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJE341 

MJE344 


I 


PLASTIC NPN SILICON 
MEDIUM-POWER TRANSISTORS 

. , useful for medium voltage applications requiring high fj such as 
converters and extended range amplifiers. 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE341 

MJE344 

Unit 

Collector-Emitter Voltage 

VCEO 

150 

200 

Vdc 

Collector-Base Voltage 

VCB 

175 

200 

Vdc 

Emitter-Base Voltage 

veb 

3.0 

5.0 

Vdc 

Collector Current - Continuous 

'c 

— 500 

mAdc 

Base Current 

'b 

250 

mAdc 

Total Power Dissipation (9)Tc = 25°C 
Derate above 25°C 

Pd 

20 

0.16 


Operating and Storage Junction 
Temperature Range 

Tj Jstg 

65 to +150 — ► 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

®JC 

6.25 

OC/W 


3 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



VcE, COLLECTOR EMinER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC'^CE ••mits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj(pk) = 150®C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tjjp^) < 150®C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. 


0.5 AMPERE 
POWER TRANSISTORS 
NPN SILICON 

150-200 VOLTS 
20 WATTS 




NOTES: 

1, LEADS, TRUE POSITIONED WITHIN 0.25mm (0,010) 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

Mimiw 

ETERS 

INC 

HES 

MIN 

mST 

MIN 

MAX 

A 

10.80 

11.04 

0.425 

0.435 

B 

7.50 

7,74 

0.295 

0.305 

C 

2.42 

2.66 

0.095 

0,105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.93 

3.17 

0.115 

0.125 

G 

2.32 

246 

0.091 

0,097 

H 

1.27 

2.41 

0.050 

0.095 

j 

0.39 

0.63 

0.015 

0.025 

K 

14.61 

16.63 

0.575 

0.655 

M 

3°' 

rvp 

3“‘ 

rvp 

Q 

3.76 

4.01 

0.148 ' 

0.158 

R 

1.15 

1.39 

0.045 

0.055 

S 

0.64 

0.88 

0.025 

0.035 

U 

3.69 

3.93 

0.145 

0,155 

V 

1.02 


0.040 

- 


CASE 77-05 
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MJE341, MJE344 


ELECTRICAL CHARACTERISTICS (Tc = 25^0 unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 


VCEO(sus) 



Vdc 

(IC=1.0 mAdc, Ib = 0I 

MJE341 


150 

— 


MJE344 


200 

- 


Collector Cutoff Current 


•CEO 



mAdc 

(VcE = 150 Vdc, Ib = 0) 

MJE341 


- 

1.0 


(VcE = 200Vdc, Ib = 0> 

MJE344 


- 

1.0 


Collector Cutoff Current 


•CBO 



mAdc 

(VcB= 175 Vdc, Ie = 0) 

MJE341 


- 

0.3 


(Vcb = 200 Vdc, Ie = 0) 

MJE344 


- 

0.1 


Emitter Cutoff Current 


•ebo 



mAdc 

{Veb = 3.0 Vdc, lc = 0) 

MJE341 


- 

0.1 


(Veb = 5.0 Vdc, lc = 0) 

MJE344 


- 

0.1 



ON CHARACTERISTICS 


DC Current Gain 
dc = 10 mAdc, VcE = 10 Vdc) 
dC = 50 mAdc, Vqe = 10 Vdc) 

dc = 150 mAdc, Vqe = 10 Vdc) 

MJE341 

MJE341 

MJE344 

MJE341 

hpE 

20 

25 

30 

20 

200 

300 


Collector-Emitter Saturation Voltage 


VcE(sat) 



Vdc 

dc = 50 mAdc, Ib = 5.0 mAdc) 

MJE344 


- 

1.0 


dc = 150 mAdc, Ib = 15 mAdc) 

MJE341 


- 

2.3 


Base-Emitter On Voltage 


VBE(on) 

- 

1.0 

Vdc 

dc = 50 mAdc, VcE = 10 Vdc) 


1 

1 





DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
dc = 50 mAdc, Vce = 25 Vdc, f = 10 MHz) 

It 

15 

- 

MHz 

Output Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 100 kHz) 

Cob 

- 

15 

pF 

Small-Signal Current Gain 
dc = 50 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 

hfe 

25 

- 

- 


3 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJE350 



PLASTtC MEDIUM POWER PNP 
SILICON TRANSISTOR 

. . . designed for use in line-operated applications such as low power, 
line-operated series pass and switching regulators requiring PNP 
capability. 

• High Col lector- Emitter Sustaining Voltage — 

VcEO(sus) 300 Vdc @ Ic = 10 mAdc 

• Excellent DC Current Gain - 

hpE “ 30-240 @ Ic = 50 mAdc 

• Plastic Thermopad Package! 


0.5 AMPERE 

POWER TRANSISTOR 
PNP SILICON 


300 VOLTS 
20 WATTS 



DC Current Gain 
(Ir = 50 mAdc, Vqe = 10 Vdc) 



















Ic, COLLECTOR CURRENT (mA) hpE, DC CURRENT GAIN 


MJE350 












MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJE370 


PLASTIC MEDIUM-POWER PNP 
SILICON TRANSISTOR 

. . . designed for use in general-purpose amplifiers and switching 
circuits. Recommended for use in 5 to 10 Watt audio amplifiers uti 
lizing complementary symmetry circuitry. 

• DC Current Gain — hpg = 25 (Min) @ Iq = 1.0 Adc 

• Complementary to NPN MJE520 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCB 

30 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current — Continuous 

•c 

3.0 

Adc 

- Peak 


7.0 


Base Current — Continuous 

•b 

2.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

Pd 

25 

Watts 

Derate above 25°C 


0.2 

W/°C 

Operating and Storage Junction 

Tj' ^stg 

-65 to +150 

OC 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

«JC 

5.0 

°C/W 


ELECTRICAL CHARACTERISTICS (Tc = 250C unless otherwise noted) 

I Characteristic | Symbol { Min | Max j Unit } 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 1 1 ) 
dc = 100 mAdc, I 5 = 0) 

< 

0 

m 

0 

c 

30 

- 

Vdc 

Collector-Base Cutoff Current 
(Vcb“ 30 Vdc. Ie = 0) 

•CBO 

- 

100 

/uAdc 

Emitter-Base Cutoff Current 
(Veb = 4.0 Vdc, ic = 0) 

>EBO 

-■ 

100 

/xAdc 


ON CHARACTERISTICS 


DC Current Gain 

hFE 

25 

- 

- 

(IC= I.OAdc, VcE = 1.0 Vdc) 





(1) Pulse Test: Pulse Width ^300 Duty Cycle ^2.0%. 


3 AMPERE 

POWER TRANSISTOR 
PNP SILICON 

30 VOLTS 
25 WATTS 




NOTES: 

1. LEADS, TRUE POSITIONED WITHIN 0.25mm (0.010) 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MILUN 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.04 

0.425 

0.435 

B 

7.50 

7.74 

0.295 

0.305 

c 

2.42 

2.66 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.93 

3.17 

0.115 

0.125 

6 

2.32 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.39 

0.63 

0.015 

0.025 

K 

14.61 

16.63 

0.575 

0.655 

M 

3°1 

rvp 

3°1 

rvp 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.15 

1.39 

0.045 

0.055 

S 

0.64 

0.88 

0.025 

0.035 

U 

3.69 

3.93 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-05 











Ic, COLLECTOR CURRENT (AMP) 


MJE370 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 


SECOND BREAKDOWN LIMITED " 

BONDING WIRE LIMITED I 

• THERMALLY LIMITED @ Tc = 25^0 _ 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate 1^ - limits of the transistor 
that must be observed for reliable operation; i.e.. the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 based on Tj(p|^) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided < 150°C. At 

high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. 


FIGURE 2 - DC CURRENT GAIN 


FIGURE 3 - "ON” VOLTAGE 
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FIGURE 4 - THERMAL RESPONSE 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJE371 



PLASTIC MEDIUM-POWER PNP 
SILICON TRANSISTORS 

. . . designed for use in general-purpose amplifier and switching 
circuits. Recommended for use in 5 to 20 Watt audio amplifiers uti- 
lizing complementary symmetry circuitry. 

• DC Current Gain - hpE = 40 (Min) @ Ic = 10 Adc 

• MJE371 is Complementary to NPN MJE521 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCB 

40 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current - Continuous 

•c 

4.0 

Adc 

- Peak 


8.0 


Base Current — Continuous 

'b 

2.0 

Adc 

T otal Power Dissipation @ Tq = 25°C 

Pd 

40 

Watts 

Derate above 25°C 


320 

mW/°C 

Operating and Storage Junction 

Tj, Tstg 

-65 to +150 


Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

®JC 

3.12 

OC/W 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
dc = 100 mAdc, 1 0 = 0) 

VcEO(sus) 

40 

- 

Vdc 

Collector-Base Cutoff Current 
(Vcb = 40 Vdc, Ie = 0) 

•CBO 

~ 

100 

MAdc 

Emitter-Base Cutoff Current 
(Veb = 4.0 Vdc, lc = 0) 

'ebo 

- 

100 

MAdc 

ON CHARACTERISTICS 

DC Current Gain (1) 

He = 1.0 Adc, VcE = 1.0 Vdc) 

hpE 

40 

- 

- 


(1) Pulse Test: Pulse Width^ 300 ms Duty Cycled 2.0%. 
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r{t). EFFECTIVE TRANSIENT 

THERMAL RESISTANCE (NORMALIZED) hPE, DC CURRENT GAIN, NORMALIZED 'C- COLLECTOR CURRENT (AMP) 


MJE371 



2.0 4.0 6.0 8.0 10 20 40 60 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate 1^ - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 Is based on Tj(p|^) * 160°C; Tq Is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj(p|()^ 150°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. 


FIGURE 2 - DC CURRENT GAIN 
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FIGURE 4 - THERMAL RESPONSE 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJE520 


PLASTIC MEDIUM-POWER NPN 
SILICON TRANSISTOR 


. . . designed for use in general-purpose amplifier and switching 
circuits. Recommended for use in 5 to 10 Watt audio amplifiers uti- 
lizing complementary symmetry circuitry. 

• DC Current Gain — hpE = 25 (Min) @ Iq = 10 Adc 

• Complementary to PNP MJE370 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCB 

30 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current - Continuous 

»C 

3.0 


- Peak 


7.0 


Base Current - Continuous 

‘b 

2.0 

Adc 

Total Power Dissipation @ = 25°C 

Pd 

25 

nn 

Derate above 25°C 

0.2 


Operating and Storage Junction 

^stg 

-65 to +150 


Temperature Range 


IHHI 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 


Thermal Resistance, Junction to Case 

QjC 

5.0 



ELECTRICAL CHARACTERISTICS (Tc = 25^C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 


OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(lC= lOOmAdc, Ib = 0) 

VcEO(sus) 

30 

- 


Collector-Base Cutoff Current 
(VcB = 30 Vdc, lE = 0) 

•CBO 

- 

100 


Emitter-Base Cutoff Current 
(Veb = 4.0 Vdc, ic = 0) 

•ebo 

■ 

100 



ON CHARACTERISTICS 


DC Current Gain d) 

dC = 1.0 Adc, VcE = 1-0 Vdc) 



m 

_ 

(1) Pulse Test: Pulse Widths 300 jus. Duty Cycle ^2.0%. 


3 AMPERE 

POWER TRANSISTOR 
NPN SILICON 

30 VOLTS 
25 WATTS 




NOTES: 

1. LEADS, TRUE POSITIONED WITHIN 0.25mm (0.010) 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION. 


MM 

MILUM 

ETERS 

INO 

HES 

MIN 

MAX 

MIN 

MAX 

A. 

10.80 

11.04 

0.425 

0.435 

B 

7.50 

7.74 

0.295 

0.305 

C 

2.42 

2.66 

0.095 

0.105 

ITJ 

0.51 

0.66 

0,020 

0.026 


2.93 

3,17 

0,115- 

0.125 

G 

2.32 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.096 


0.39 

0.63 

0.015 

0.025 


14,61 

16.63 

0.575 

0.655 

M 

3°- 

rvp 

3°1 

rvp 

"qi 

3.76 

4.01 

0.148 

0.156 

R 

1.15 

1,39 

0,045 

0.055 

s 

0.64 

0.88 

0.025 

0.035 

U 

3.69 

3.93 

0.145 

0.155 

V 

—LOL. 

■ - 

0.040 



CASE 77-05 


3-1000 



















Ic. COLLECTOR CURRENT (AMP) 


MJE520 


FIGURE 1 ACTIVE REGION SAFE OPERATING AREA 


SECOND BREAKDOWN LIMITED " 

“•“I BONDING WIRE LIMITED I 

0 3 THERMALLY LIMITED @ Tq = 250C _ 
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The data of Figure 1 based on T j(p|c) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided (Tjp^) ^ 150°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. 

There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 


FIGURE 2 ~ DC CURRENT GAIN 


FIGURE 3 - “ON” VOLTAGE 



2.0 3.0 5.0 10 


20 30 50 100 200 300 500 1000 2000 

Ic, COLLECTOR CURRENT (mA) 


Vb£M)@'c/'b=10 


Vbe@Vce = 2.0V f- 

VcE(„f) @Ic/Ib - 10 


2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 2000 

Ic, COLLECTOR CURRENT (mA) 


FIGURE 4 - THERMAL RESPONSE 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


PNP 

NPN 

1 MJE700J 

MJE800J 

thru 

thru 

MJE703 

IVIJE803 


PLASTIC DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain - 

hpE = 2000 (Typ) @ Iq = 2.0 Adc 

• Monolithic Construction with Built-in Base-Emitter 

Resistors to Limit Leakage Muliplication 

• Choice of Packages — 

MJE700 and MJE800 series 
TO220AB, MJE700T and MJE800T 


MAXIMUM RATINGS 



Rating 

Symbol 

MJE700,T 

MJE701 

MJE800,T 

MJE801 

MJE702 

MJE703 

MJE802 

MJE803 

Unit 


Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 


Collector-Base Voltage 

VcB 

60 

80 

Vdc 


Emitter-Base Voltage 

Veb 

5.0 

Vdc 


Collector Current i 

Base Current j 

Total Power Dissipation @ Tq = 25°C | 
Derate above 25°C 
Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 

Characteristic ] 

Thermal Resistance, Junction to Case 

CASE 77 
TO-220 


4.0 

oi 

CASE 77 TO-220 

40 50 

} 0.32 0.40 

-55 to +150 


FIGURE 1 - POWER DERATING 



50 75 100 125 150 

Tg, CASE TEMPERATURE (OC) 


4.0 AMPERE 

DARLINGTON 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40 WATT 
50 WATT 


MJE700-703 

MJE800-803 


iT-JS ^ 

_B ZJO 7 ,74 0,295 0.305 . 

C 2.4; 2,66 0,095 0.105 

_G m mt. 


K 14.61 I 16.63 0,:, 575 . 1 .0.65 5 , 

M 3»TYP 3° TYP 

0 3.76 I 4.01 ^48 0.158 

1.39 0, 045,, _ 


1. LEADS, TRUE POSITIONED WITHIN 0.25mm It 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION. 



MJE700T 

MJE800T 


.»M. J,5.7S..,Qj70., 
9J6. .m ., Q;380 
_ifi2 te__aj6o_ 


J 0.46 0,71 0.1 

-IS 

_i HI LS-JJ 


T 5.97 6.47 0.235 

U 0.W 1.27 0.000 

_V U5 = aM5_. 


2, CONTROLLING DIMENSION; INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL R 
LEAD IRREGULARITIES ARE ALLOWED 


CASE 221A-04 
TO-220AB 










r{t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


PNP MJE700,T thru MJE703 
NPN MJE800,T thru MJE803 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic ] 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
dc = 50 mAdc, Ib = 0) 

MJE700,T MJE701, MJE800,T MJE801 
MJE702, MJE703, MJE802, MJE803 

'^(BR)CEO 

60 

80 

- 

Vdc 

Collector Cutoff Current 


’CEO 



MAdc 

(VcE = 60 Vdc, Ib = 0) 

MJE700,T MJE701, MJESOOJ, MJE801 


_ 

100 


(VcE =80 Vdc, Ib =0) 

MJE702, MJE703, MJE802, MJE803 


- 

100 


Collector Cutoff Current 


'CBO 



MAdc 

(Vcb = Rated BVceO' •£ = 0) 



_ 

100 


(VcB = Rated 8 VceO< IE 0/ Tc = 100°C) | 


- 

500 


Emitter Cutoff Current 


•ebo 

_ 

2.0 

mAdc 

(Vbe =5.0 Vdc, lc = 0) 







ON CHARACTERISTICS 


DC Cyrrent Gain (1 ) 

dc = 1 .5 Adc, VcE = 3.0 Vdc) 
dc = 2.0 Adc, Vce = 3.0 Vdc) 
dc = 4.0 Adc, Vce = 3.0 Vdc) 

MJE700,T MJE702, MJE800,T MJE802 
MJE701, MJE703, MJE801, MJE803 
All devices 

hPE 

750 

750 

100 

- 

■ 

Collector-Emitter Saturation Voltage (1) 


VcE(sat) 



Vdc 

dc = 1 -5 Adc, Ib = 30 mAdc) 

MJE700,T MJE702, MJE800,T MJE802 


_ 

2.5 


dc ~ 2.0 Adc, Ib = 40 mAdc) 

MJE701, MJE703, MJE801, MJE803 


_ 

2.8 


dc = 4.0 Adc, Ib = 40 mAdc) 

All devices 


- 

3.0 


Base-Emitter On Voltage (1) 


^BElon) 



Vdc 

dc = 1-5 Adc, Vce = 3.0 Vdc) 

MJE700J MJE702, MJE800,T MJE802 


- 

2.5 


dc = 2.0 Adc, Vce = 3.0 Vdc) 

MJE701, MJE703, MJE801, MJE803 


- 

2.5 


dc = 4.0 Adc, Vce = 3.0 Vdc) 

All devices 


- 

3.0 



DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

I’^fel 

1.0 

- 

- 

dc = 1 .5 Adc, Vce = 3.0 Vdc, f = 1 .0 MHz) 






(1 ) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 



For NPN test circuit, reverse diode, 


polarities and input pulses. 


FIGURE 3 - SWITCHING TIMES 



IC, COLLECTOR CURRENT (AMP) 


FIGURE 4 - THERMAL RESPONSE (MJE700T, SOOT series) 



t, TIME (ms) 


3-1003 













PNP MJE700,T thru MJE703 
NPN MJE800,T thru MJE803 


FIGURE 5 - THERMAL RESPONSE (MJE700, 800 series) 



ACTIVE-REGION SAFE-OPERATING AREA 



5.0 7.0 10 20 30 50 70 100 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 7 - MJE800 series 



There are two limitations on the power handling ability of 
a transistor: average junction temperature and second break- 
down. Safe operating area curves indicate Iq - Vq^ limits of the 
transistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 


FIGURE 8 -MJE700T 



The data of Figures 6 and 7 are based on Tj(pk) = 150°C; 
Tc is variable depending on conditions. Second breakdown pulse 
limits are valid for duty cycles to 10% provided Tj(pk) < 150°C. 
Tj(pk) may be calculated from the data in Figure 4 or 5. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by 
second breakdown. 


FIGURE 9 - MJE800T 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Designer's Data Sheet 

NPN Silicon Power Transistor 

Switchmode III Series 

This transistor is designed for high-voltage, power switching in inductive circuits 
where RBSOA and breakdown voltage are critical. They are particularly suited for line- 
operated switchmode applications. 

Typical Applications: 

• fluorescent Lamp Ballasts 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Features: 

• High Vqev Capability (1800 Volts) 

• Low Saturation Voltage 

• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

900 

Vdc 

Collector-Emitter Voltage 

VCEV 

1800 

Vdc 

Emitter Base Voltage 

Veb 

9 

Vdc 

Collector Current — Continuous 

•c 

2 

Adc 

Peak(^) 

'CM 

5 


Base Current — Continuous 

■b 

1.5 

Adc 

Peakd) 

IBM 

2.5 


Total Power Dissipation (w Tc = 25°C 

Pd 

80 

Watts 

(wTc=100°C 


32 


Derate above 25°C 


0.64 

W/°C 

Operating and Storage Junction Temperature Range 

Tj, Tgtg 

- 65 to -t- 1 50 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

1.56 

X/W 

Maximum Lead Temperature for Soldering 

Purposes: 1/8" from Case for 5 Seconds 

Tl 

275 

X 


(1) Pulse Test; Pulse Width = 5 ms, Duty Cycle « 10%. 


MJE1320 


POWER TRANSISTOR 
2 AMPERES 
900 VOLTS 
80 WATTS 





STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH, 

2. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


DM 

KMLUM 

ETERS 

INC 

HES 

MN 

MAX 

MIN 

MAX 

A 

14.48 

15.75 

0.570 

0.620 

B 

9.66 

10.28 

0.380 

0.405 

c 

4.07 

4.82 

0.160 

0.190 

[) 

0,64 

0.88 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

-5-J 

2.42 

2.66 

0.095 

0.105 

H 

2.80 

3.93 

0.110 

0.155 


0.46 

0.71 

0.018 

0.028 

j( 

12.70 

14.27 

0.500 

0.562 

L 

1,16 


0.045 

0.055 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0.110 

S 

1.15 

1.39 

0.045 

0.055 

T 

5.97 

6.47 

0.235 

0.255 

U 

0.00 

1.27 

0.000 

0.050 

V 

1.15 

_ 

0.045 


z 

- 

2.04 

- 

0.080 


CASE 221A-04 
(TO-220AB) 


3-1006 






MJE1320 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
dC = 50 mA, Ib = 0) 

VCEO(sus) 

900 

— 

— 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(VcEV = Rated Value, VBE(off) = Vdc) 


— 

— 

0.25 


(VcEV = Rated Value, VBE(off) = ”•■5 Vdc, Tq = 100°C) 


— 

— 

2.5 


Emitter Cutoff Current 

•ebo 

_ 

_ 

0.25 

mAdc 

(Veb = 9 Vdc, Ic = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•S/b 

See Figure 13 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 14 


ON CHARACTERISTICS^!) 


DC Current Gain (Vqe = 5 Vdc) Ic = 2 Adc 

hFE 

2.5 

4.5 

— 

— 

Ic = 1 Adc 


3 

7 

— 

— 

Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

dC = 1 Adc, Ib = 0.5 Adc) 


— 

0.18 

1 


dC = 2 Adc, Ib = 1 Adc) 


— 

0.3 

2.5 


dC = 1 Adc, Ib = 0.5 Adc, Tq = 100°C) 


— 

0.3 

1.5 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

(Ic = 1 Adc, Ib = 0.5 Adc) 


— 

0.2 

1.5 


dC = 2 Adc, Ib = 1 Adc) 


— 

0.9 

2.8 


dC = 1 Adc, Ib = 0.5 Adc, Tq = 100X) 


— 

0.15 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 

80 

— 

PF 

(VcB = 10 Vdc, Ie = 0, ftest = 1 MHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) j 

Delay Time 

Vcc = 250 Vdc, Ic = 1 A 

•bi = IB2 = 0.5 Adc 

tp = 25 fis, Duty Cycle =5 2% 

td 

- 

0.1 

- 

flS 

Rise Time 

tr 

- 

0.8 

- 

ixs 

Storage Time 

ts 

- 

4 

— 

flS 

Fall Time 

tf 

— 

0.8 

— 


Inductive Load, Clamped (Table 2) | 

Storage Time 

'C = 1 A, Vciamp = 400 Vdc, 

VBE(off) = 2 Vdc, Ibi = 0.5 Adc 

TC = 

25°C 

fsv 

- 

2.8 

- 

fJiS 

Crossover Time 

^c 

- 

2.2 

- 

fis 

Storage Time 

Tc = 

100°C 

fsv 

- 

3.7 

10.5 

/XS 

Crossover Time 

Ic 

- 

3.5 

10 

/XS 

Fall Time 







(1) Pulse Test: Pulse Width = 300 yus, Duty Cycle 2%. 













Tc, CROSSOVER TIME (;Lts) 


MJE1320 


TYPICAL DYNAMIC CHARACTERISTICS 



*c P*' — I ^ 



Figure 7. Inductive Switching Measurements 
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IC, COLLECTOR CURRENT (AMPS) 

Figure 8. Inductive Storage Time 
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Figure 9. Inductive Crossover Time 
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IC, COLLECTOR CURRENT (AMPS) 

Figure 10. Inductive Fail Time 


Table 1. Resistive Load Switching 


td and t|- 




Vcc = 250 Vdc 
RL = 250 a 
IC = 1 Adc 
Ib = 0.5 Adc 


*Tektronix AM503 
P6302 or Equivalent 


tg and tf 



0.02 fiF 
0.02 iuF 

)l ' 

1 100 J 



Vcc = 250 Vdc 1bi = 0.5 Adc, Rbi 

Rl = 250 O IB2 = 0-5 Adc, Rb2 

IC = 1 Adc For VBE(off) = 5 V Rb 2 = 0 ft 

Note: Adjust -V to obtain desired VBE(off) point A 


3-1009 












MJE1320 


Table 2. Inductive Load Switching 



^Tektronix 
P-6042 or 
Equivalent 


Scope — Tektronix 
7403 or 
Equivalent 


Note; Adjust -V to obtain desired VgEloff) Point A. 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq — Vqe 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Jq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 2 may be found 
at any case temperature by using the appropriate curve 
on Figure 11. 

Tj(pk) may be calculated from the data in Figure 14. 
At high case temperatures, thermal limitations will 


reduce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device Is never subjected to an avalanche mode. 
Figure 13 gives the RBSOA characteristics. 


3-1010 




r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) POWER DERATING FACTOR 


MJE1320 


GUARANTEED SAFE OPERATING AREA 
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Figure 11. Power Derating 
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Figure 12. Maximum Rated Forward Bias Safe 
Operating Area 

















I 




























l| 

C'Ib = 2 



























Tj ^ 100°C 

VBE(off)^2V 


0 600 900 1200 1500 1800 

VcE- COLLECTOR-EMITTER VOLTAGE (VOLTS) 

Figure 13. Maximum Rated Reverse Bias Safe 
Operating Area 
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DUTY CYCLE, D = ti/t2 


t.TIME (ms) 

Figure 14. Thermal Response 


Z^JCd) = r(t) R6)JC 


D CURVES APPLY FOR POWER 


PULSE TRAIN SHOWN 


READ TIME AT ti 


Tj(pk) - Tc = P(pk) Z^JC 














MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


SIUCON 

MEDIUM-POWER TRANSISTORS 


. . . designed for use in power amplifier and switching applications. 

• High Collector Current — 

IC= 15 Adc 

• High DC Current Gain - 

hpE “ 10 (Min) @ Iq = 15 Adc 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE1660 

MJE1661 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

Vdc 

Collector-Base Voltage 

^CB 

40 

60 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current-Continuous 

•c 

15 

Adc 

Base Current 

'b 

5.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

Pd 

90 

Watts 

Derate above 25°C 


0.72 

W/OC 

Operating and Storage Junction 

Temperature Range 

Tj, Tgtg 

-65 to +150 

OC 


THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

®JC 

1.39 

°C/W 



NPN 

IVIJE1660, IVIJE1661 


15 AMPERE 
POWER TRANSISTORS 
SILICON 

40-60 VOLTS 
90 WATTS 




u. 

hi 

^ f - 

A 

J_i t J 



-Hch*- F 




STYLE 2: 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.22 BSC 

0.16 

BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

go 

TYP 

go 

TYP 

Q 

4.70 

4.95 

0.185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

U 

6.22 

6.48 

0.245 

0.255 

V 

2.03 

- 

0.080 

- 


CASE 90-05 
TO-225AB 

When mounting the device, torque not 
to exceed 8.0 in. -lb. 

If lead bending is required, use suitable 
clamps or other supports between tran- 
sistor case and point of bend^ 
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Ic, COLLECTOR CURRENT (AMP) 


MJE1660, MJE1661 NPN 


ELECTRICAL CHARACTERISTICS (Tq = 25^0 unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 

dc = 200 mAdc, Ib = 0) MJE1660 

MJE1661 

VcEO(sus) 

40 

60 

- 

Vdc 

Collector Cutoff Current 
(VcE = 30 Vdc, Ib = 0) 

•CEO 

_ 

1.0 

mAdc 

Collector Cutoff Current 

(VcE = 40 Vdc, Vbe = 0) MJE1660 

(VcE = 60 Vdc, Vbe = 0) MJE1661 

•CES 


0.7 

0.7 

mAdc 

Collector Cutoff Current 

(VcB = 40 Vdc, Ie 0) MJE1660 

(VcB = 60 Vdc, Ie = 0) MJE1661 

•CBO 

- 

0.7 ! 

0.7 

mAdc 

Emitter Cutoff Current 
(Vbe = 5.0 Vdc, Ie = 0) 

'ebo 

- 

1.0 

mAdc 


ON CHARACTERISTICS 


DC Current Gain d) 

dc = 5.0 Adc, VcE = 4.0 Vdc) 
dc = 15 Adc, VcE = 4.0 Vdc) 

hpE 

20 

10 

100 

- 

Collector-Emitter Saturation Voltage (D 
dc = 15 Adc, Ib = 1.5 Adc) 

VcE(sat) 

_ 

1.8 

Vdc 

Base-Emitter on Voltage d) 

(IC= 15 Adc, VcE = 4.0 Vdc) 

VBE(on) 

- 

2.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

dc = 1.0 Adc, VcE = 10 Vdc, f = 1.0 MHz) 

fj 

3.0 

_ 

MHz 

Small-Signal Current Gain 

dc = 1.0 Adc, VcE = 10 Vdc, f = 1.0 kHz) 

5fe 

25 

- 

— 


(II Pulse Test: Pulse Width < 300 /is. Duty Cycle'S 2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


The Safe Operating Area Curves indicate lc~VcE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 






MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


NPN SILICON HIGH-VOLTAGE TRANSISTOR 

. . . useful for general-purpose, high voltage applications requiring 
high fj. 

• Collector-Emitter Sustaining Voltage - 

VcEO(sus) 350 Vdc (Min) @ Iq = 2.5 mAdc 

• DC Current Gain - 

hpE “ 40 (Min) @ Iq = 100 mAdc — MJE2361T 

• Current-Gain— Bandwidth Product — 

fj = 10 MHz (Typ) @ Ic = 50 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

350 

Vdc 

Collector-Base Voltage 

VCB 

375 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

6.0 

Vdc 

Collector Current - Continuous 

•c 

0.5 

Adc 

Base Current 

'b 

0.25 

Adc 

Total Power Dissipation @ Tq = 25°C 

Pd 

30 

Watts 

Derate above 25°C 


0.24 

W/OC 

Operating and Storage Junction 

Tj.Tstg 

-65 to -Li 50 

oc 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

SJC 

4.167 

^C/W 




NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 

2. CONTROLLING DIMENSION: INCH, 

3. DIM Z DEFINES A ZONE WHERE ALL BOOT AND 
LEAD IRREGUURITIES ARE ALLOWED. 
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MJE2360T MJE2361T 


ELECTRICAL CHARACTERISTICS (Tc = 250C unless otherwise noted) 

[ Characteristic | Symbol \ Min ( Typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage( 1 ) 

He = 2.5 mAdc, Ig = 0) 

VcEO(sus) 

350 

- 

- 

Vdc 

Collector Cutoff Current 

(VcE = 250Vdc, Ib = 0) 

'CEO 

- 

- 

0.25 

mAdc 

Collector Cutoff Current 
(VcE = 375 Vdc, VgBloff) Vdc) 

'CEX 

- 

- 

0.5 

mAdc 

Collector Cutoff Current 
(Vcb = 375 Vdc, Ie =0) 

•CBO 

. - 

- 

0.1 

mAdc 

Emitter Cutoff Current 
(Vbe = 5.0 Vdc, lc = 0) 

•ebo 

1 

- 

0.1 

mAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

dC = 50 mAdc, VcE = 10 Vdc) MJE2360T 

MJE2361T 

dc = 100 mAdc, VcE = 10 Vdc) MJE2360T 

MJE2361T 

hpE 

25 

50 

15 

40 

- 

200 

250 


Collector-Emitter Saturation Voltage 
dc = 100 mAdc, Ig = 10 mAdc) 

VcElsat) 

- 

- 

1.5 

Vdc 

Base-Emitter On Voltage 
dc = 100 mAdc, VcE = 10 Vdc) 

VBE(on) 



1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
dc = 50 mAdc, VcE = 10 Vdc, f = 1.0 MHz) 

^T 

- 

10 

- 

MHz 

Output Capacitance 

(VcB = 100 Vdc, Ig = 0, f = 100 kHz) 

Cob 

- 

20 

- 

pF 


(1 )Pulse Test: Pulse Width ^ 300 ms, Duty Cycle < 2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 



The Safe Operating Area Curves indicate Ic—VcE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


COMPLEMENTARY SILICON PLXVSTIC 
POWER TRANSISTORS 

... for use as an output device in complementary audio amplifiers 
up to 35.-Watts music power per channel. 

• High DC Current Gain — hpg = 25-100 @ Ic = 3.0 A 

• Choice of Packages — MJE2801, 2901 — TO-225AB 

MJE2801T/-TO-220AB 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VcEO 

60 

Vdc 

Collector-Base Voltage 

VcB 

60 

Vdc 

Eniitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current 

'c 

10 

Adc 

Base Current 

•b 

5.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

PDt 


Watts 

MJE280 1,2901 


90 


MJE2801T 


75 


Derate above 25°C 




MJE2801,2901 

1 

0.72 

W/°C 

MJE2801T 

1 

0.6 


Operating and Storage Junction 

Tj.T„g 

-55 to +150 

OC 

Temperature Range 


1 

1 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junctiort to Case 
MJE2801.2901 

MJE2801T 

^JC 

1.39 

1.67 

o 

o 


tSafe Area Curves are indicated by F igure 1 . Both limits are applicable and must be observed. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
dC = 200 mAdc, Ib = 0) 

V(BR)CEO 

60 


Vdc 

Collector-Cutoff Current 

•CBO 



mAdc 

(VcB = 60 Vdc, Ie = 0) 



0.1 


(VcB = 60 Vdc, Ie = 0, Tc = ISO^C) ‘ 


- 

2.0 


Emitter Cutoff Current 

•ebo 



mAdc 

(Vbe = 4.0 Vdc, Ic = 0) 


- 

1.0 



ON CHARACTERISTICS 


DC Current Gain 

(Ic = 3.0 Adc, VcE * 2.0 Vdc) 

hPE 

25 

100 

- 

Base-Emitter Voltage 

(Ic = 3.0 Adc, VcE = 2.0 Vdc) 

Vbe 

- 

1.4 

Vdc 


(1) Pulse Test. Pulse Width <300 n%. Duty Cycle <2.0%. 


NPN 

IVIJE2801, MJE2801T 


MJE2901 


10 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60 VOLTS 
75, 90 WATTS 



DIM 

MILLIMETERS 1 

INCHES 1 

MIN 

MAX 

1 Mlf4 

MAX 

A 

16.13 

16.38 

0,635 ' 

0645 

B 

12.57 

1283 

0.495 1 

0 505 

c 

318 

343 

0,125 

0 135 

D 

1 09 

1 24 

0 043 

0.049 

f 

3.51 

376 

0 138 : 

0 148 

G 

! 4.2: 

BSC 

0.161 

>BSC 

H 

' 2,67 

292 

0.105 1 

0 115 

1 

0813 

0.864 

"P3r 

00^4 

K 

15,11 * 

16.38 

0 595 

0.645 

M 

9P 

TYP 

90 

TYP 

Q 

4.70 

4.95 

0 1SS 1 

0 195 

~W~ 

1.91 

2.16 

0075 

0 085 

U 

6 22 

648 

0.245 ' 

0255 

V 1 

2 03 

— 

0080 



MJE2801 

MJE2901 


CASE 90-05 
TO-225AB 




STYLE 1: 

PIN 1, BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
YI4SM, 1982. 

2. CONTROLLING DIMENSION: INCH, 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


CASE 221A-04 
TO-220AB 








V. VOLTAGE (VOLTS) CURRENT GAIN 1^, COLLECTOR CURRENT (AMP) 


MJE2801/MJE2801T NPN, IVIJE2901 PNP 


FIGURE 1 - ACTIVE REGION 
SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor; average junction temperature and second brea)<down. 
Safe operating area curves indicate Iq - V^E limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of F igure 1 is based on Tj(p|<) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) < 150°C. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

IC, COLLECTOR CURRENT (AMPS) 



FIGURE 4 - "ON" VOLTAGES 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 

IC, COLLECTOR CURRENT (AMP) 



0 2 0 3 0 5 10 2 0 

IC. COLLECTOR CURRENT (AMP) 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general-purpose amplifier and switching 
applications. 

• DC Current Gain Specified to 10 Amperes 

• High Current Gain - Bandwidth Product - 

ij = 2.0 MHz (Min) @ Ic = 500 mAdc 

• Choice of Packages - MJE3055, MJE2955 - TO-225AB (TO-127) 

MJE3055T, MJE2955T - TO-220AB 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

Vdc 

Collector-Base Voltage 

VCB 

70 

Vdc 

Emitter-Base Voltage 

veb 

5.0 

Vdc 

Collector Current 

'c 

10 

Adc 

Base Current 

'b 

6.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

PDt 


Watts 

MJE3055, MJE2955 


90 

W/OC 

MJE3055T, MJE2955T 


75 


Derate above 25°C 




MJE3055, MJE2955 


0.72 

W/OC 

MJE3055T, MJE2955T 


0.6 


Operating and Storage Junction 

^J' ^stg 

-55 to + 1 50 

“C 

Temp>erature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 
MJE3055, MJE2955 

MJE3055T, MJE2955T 

^JC 

1.39 

1.67 

0 

o 


tSafe Area Curves are indicated by F igure 1 . Both limits are applicable and must beobserved. 


FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 



VCE, COLLECTOR EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a transistor average lunaion 
temperature and second breakdown Safe operating area curves indicate Iq V^e limits of 

The data of Figure 1 is based on T - 150°C, Tj; is variable depending on condi 
tions Second breakdown pulse limits are valid for duty cycles to 10% provided Tjjpij) 
:S 1 50°C At high case temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second breakdown (See AN 415AI 


PNP 

MJE2955, MJE2955T 

NPN 

IVIJE3055, MJE3055T 


10 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60 VOLTS 
75, 90 WATTS 



DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

16,13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.2 

BSC 

0.16 

>BSC 

H 

~2in 

2.92 

0.105 

0.115 

J 

"tsul 

0.864 

0.032 

0.034 

K 


16.38 

0.595 

0.645 

M 

go 

TYP 

90 

TYP 

Q 

4.70 

4.95 

0.185 

0.195 

R 

1.91 

2.16 

0,075 

0.085 

U 

6.22 

6.48 

0.245 

0.255 

V 

2.03 

- 1 

0.080 

“ 


CASE 90-05 
TO-225AB 




STYLE 1: 

PIN I. BASE 

2. (MLLECTOR 

3. EMITTER 

4. COLLECTOR 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y'4.5M, 1982, 

2. CONTROLLING DIMENSION: INCH. 

3. DIM Z DEFINES A ZONE INHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


CASE 221A-04 
TO-220AB 
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MJE2955, MJE2955T, PNP, MJE3055, MJE3055T, NPN 


ELECTRICAL CHARACTERISTICS (T(;; = 25°C unless othenAuse noted) 


OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
dC = 200 mAdc, (0 = 0) 

Collector Cutoff Current 
(VcE = 30 Vdc, Ib = 0) 

Collector Cutoff Current 

(VcE = 70 Vdc, VEB(off) = ^ 5 Vdc) 

(VcE = 70 Vdc, VEB(off) = ^ 5 Vdc, Tq = 150°C) 
Collector Cutoff Current 
(VcB = 70 Vdc, lE = 0) 

(VcB = 70 Vdc, Ie = 0, Tc = 150°C) 

Emitter Cutoff Current 
(Vbe = 5.0 Vdc, Ic = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 

dC = 4.0 Adc, Vce = 4.0 Vdc) 
dC = 10 Adc, Vce = 4.0 Vdc) 

Collector-Emitter Saturation Voltage < 1) 
dc = 4.0 Adc, Ib = 0.4 Adc) 
dC = 10 Adc, Ib = 3.3 Adc) 

Base-Emitter On Voltage (1) 
dc = 4.0 Adc, Vce = 4.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 

dc = 500 mAdc, Vce = 10 Vdc, f = 500 kHz) 

^ 1 ) Pulse T est : Pulse Width ^ 300 M*. Duty Cycle ^ 2.0%. 

FIGURE 2 - DC CURRENT GAIN 



FIGURE 3 - POWER DERATING 




Ic. COLLECTOR CURRENT (AMP) 


Tc. CASE TEMPERATURE (OC) 


MJE2955, 2955T 


5 0.8 


FIGURE 4 - "ON" VOLTAGES 



MJE3055, 3055T 


VBE(sat)I^IC/lB" 10 | 


VCE(sat) g>IC/lB = ’0 


IC. COLLECTOR CURRENT (AMP) 


Ic. COLLECTOR CURRENT (AMP) 


3-1019 





MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



NPN 


IVUE3300, MJE3301 


PNP 


MJE3310 


PLASTIC DARLINGTON COMPLEMENTARY 
SILICON ANNULAR POWER TRANSISTORS 

. . . designed for general-purpose amplifier and high-speed switching 
applications. 

• HighDCCurrentGain- 

hpE = 2000 (Typ) @ Ic = 1 .0 Adc 

• Collector-Emitter Sustaining Voltage — @ 10 mAdc 

VcEO(sus) = 40 Vdc (Min) - MJE3310/MJE3300 
= 60 Vdc (Min) -,MJE3301 

• Reverse Voltage Protection Diode 

• Pinout Compatible with TO-220 Package 

• Monolithic Construction with Built-In Base-Emitter Output 

Resistor 

• Thermopad II Construction With Hard Solder for High 

Reliability 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Total Power Dissipation @ Tq = 25®C 
Derate above 25°C 


Total Power Dissipation @ Ta = 
Derate above 25°C 


25OC 


Operating and Storage Junction 
Temperature Range 


Symbol 


VCEO 


"^CB 


veb 


'C 


Pd 


PD 


TjTst 


MJE3310 

MJE3300 


MJE3301 


-4.0- 

- 6 . 0 - 


- 15 - 
0 . 12 - 


—1.5 — 
- 0 . 012 - 


- -65 to +150- 


Watts 

W/OC 


Watts 

W/OC 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

8.33 

OC/W 

Thermal Resistance, Junction to Ambient 

R0JA 

83.3 

OC/W 



DARLINGTON 
4- AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

40, 60 VOLTS 
15 WATTS 




P" ” r C 


STYLE 1: 

PINT EMITTER 

2. COLLECTOR 

3. BASE 


NOTES: 

1. LEADS, TRUE POSITIONED WITHIN 0,25mm (0.010) 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MILUM 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

10,80 

11.04 

0.425 

0.435 

B 

7.50 

7,74 

0.295 

0.305 

C 

2.42 

2.66 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.93 

3.17 

0.115 

0.125 

G 

2.32 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.39 

0,63 

0.015 

0.025 

K 

14.61 

16.63 

0.575 

0.655 

M 

3'“1 

ryp 

3“1 

rvp 

_Q_j 

3.76 

4.01 

0.148 

0.158 

R 

1.15 

1.39 

0.045 

0,065 

s 

0.64 

0.88 

0.025 

0.035 

u 

3.69 

3.93 

0.145 

0.155 

V 

1.02 

- - 

0.040 

L- 


CASE 77-05 
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MJE3300, MJE3301 NPN 
MJE3310 PNP 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic 


I Symbol 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (D 
dc = 10 mAdc, Ib = 0) 

MJE3310, MJE3300 

MJE3301 



- 

Vdc 

Collector-Cutoff Current 


'CEO 



iuAdc 

(VcE = 20 Vdc, Ib = 0) 

MJE3310, MJE3300 


- 



(Vce = 30 Vdc, Ib = 0) 

MJE3301 


- 



(VcE = 40 Vdc, Ib = 0) 






Collector Cutoff Current 


'CBO 




(VcB = Rated VcEO(sus)- 'E = 0> 



- 



(VcB = Rated VcEO(sus)< 'E = 0 , Tq 

= 100°C) 


- 



Emitter Cutoff Current 


'ebo 

- 

1.0 

juAdc 

(Vbe= 5.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain 

dc = 1.0 Adc, VcE = 2.0 Vdc) 
(IC= 1.5 Adc, VcE = 2.0 Vdc) 


hpE 


1000 

750 


Collector-Emitter Saturation Voltage 
(IC= 1.5 Adc, Ib =6.0mAdc) 


VcE(sat) 


Vdc 


Base-Emitter Saturation Voltage 
(1(3 = 1.5 Adc, l0 = 6.0 mAdc) 


VBE(sat) 


Base-Emitter On Voltage 

(IC= 1.5 Adc, VcE = 2.0 Vdc) 


VBE(on) 


Output Diode Voltage Drop 
(lEC= 2.0 Adc) 


vec 


Vdc 



) Pulse Test; Pulse Width < 300 ps. Duty Cycle < 2.0%. 


FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA FIGURE 3 - TYPICAL DC CURRENT GAIN 



2.0 3.0 5.0 7.0 10 20 30 50 70 100 0.2 0.3 0.5 0.7 1.0 2.0 3.0 4.0 5.0 


VcE, COLLECTOR.EMITTER VOLTAGE (VOLTS) 'C. COLLECTOR CURRENT (AMP) 

FIGURE 4 - DARLINGTON CIRCUIT SCHEMATIC 



























MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


NPN SILICON HIGH-VOLTAGE POWER TRANSISTORS 

. . . designed for use in line -operated equipment requiring high fj. 


• High DC Current Gain - 

hpE = 40-160 @ Ic = 20 mAdc 

• Current-Gain— Bandwidth Product — 

fj = 15 MHz (Min) @ Iq = 10 mAdc 

• Low Output Capacitance — 

Cob = 10 PF (Max) @ f = 1.0 MHz 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE3439 

MJE3440 

Unit 

Collector-Emitter Voltage 

VCEO 

350 

250 

Vdc 

Co I lector- Base Voltage 

VCB 

450 

350 

Vdc 

Emitter-Base Voltage 

VeB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

0.3 

Adc 

Base Current 

•b 

150 

mAdc 

Total Power Dissipation @Tc = 25°C 
Derate above 25°C 

Pd 

15 

0.12 

Watts 

W/®C 

Operating and Storage Junction 
Temperature Range 

Tj.Tstg 

— 65 to -El 50 ► 

1 

1 

OC 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

^JC 

8.3.3 

°C/W 



MJE3439 

MJE3440 


0.3 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

250-350 VOLTS 
15 WATTS 



^ u* 


M 

p 

spLr- 

_J 

1 

Jr n 


1 

!l L 


■-1 

dUo 

C- tR, 



“IHT c STYLE 1: 

m^U*T PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


NOTES: 

1. LEADS, TRUE POSITIONED WITHIN 0.25nnm 10.010) 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MILUM 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

10,80 

11.04 

0.425 

0.435 

B 

7.50 

7.74 

0.295 

0.305 

C 

^ 2,42 

2.66 

0.095 

0,106 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.93 

3,17 

0.115 

0.126 

G 

2.32 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.39 

0.63 

0.015 

0.025 

K 

14.61 

16.63 

0.575 

0.655 

M 

3°! 

rvp 

3»i 

FYP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1,15 

1.39 

0.045 

0.055 

S 

0.64 

0.88 

0.025 

0.035 

U 

3.69 

3.93 

0,146 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-05 
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MJE3439, MJE3440 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
dC = 5.0 mAdc, Ib = 0) 

MJE3439 

VCEO(sus) 

m 

_ 

Vdc 

(IC = 50 mAdc, Ib = 0) 

MJE3440 



- 


Collector Cutoff Current 
(VcE = 300 Vdc, Ib = 0) 

IVIJE3439 

•CEO 



MAdc 

(VcE = 200 Vdc, Ib = 0) 

MJE3440 


- 



Collector Cutoff Current 

(VcE = 450 Vdc, VEB(off) = 1-5 Vdc) 

MJE3439 

•CEX 

_ 



(VcE = 300 Vdc, VEB(off) = l-B Vdc) 

MJE3440 


- 



Collector Cutoff Current 
(VcB = 350 Vdc, Ie = 0) 

MJE3439 

•CBO 

_ 

20 

MAdc 

(VcB = 250 Vdc, Ie = 0) 

MJE3440 


- 

20 


Emitter Cutoff Current 
(Vbe = 5.0 Vdc, Ic = 0) 

'ebo 


20 

MAdc 


ON CHARACTERISTICS 


DC Current Gain 
dc = 2.0 mAdc, Vqe = 10 Vdc) 
dc = 20 mAdc, Vqe = 10 Vdc) 

hpE 

30 

50 

200 


Collector-Emitter Saturation Voltage 
dc = 50 mAdc, Ib = 4.0 mAdc) 

Vce (sat) 

- 

0.5 

Vdc 

Base-Emitter Saturation Voltage 
dc = 50 mAdc, Ib = 4.0 mAdc) 

Vbe (sat) 


1.3 

Vdc 

Base-Emitter On Voltage 

dc = 50 mAdc, Vce = 10 Vdc) 


- 

0.8 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

dc = 10 mAdc, Vce = 10 Vdc, f = 5.0 MHz) 

fT 

15 


MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

^ob 


10 

pF 

Small-Signal Current Gain 

dc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hfe 

25 




FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 1000 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate limits below 

which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T j, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


HIGH-VOLTAGE — HIGH POWER TRANSISTORS 

. . . designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Collector-Emitter Sustaining Voltage — 

NPN PNP 

VcEO(sus) = 1 00 Vdc — MJE4340 MJE4350 
= 1 20 Vdc — MJE4341 MJE4351 

= 1 40 Vdc — M JE4342 MJE4352 
= 1 60 Vdc — MJE4343 MJE4353 

• High DC Current Gain — @ Ic = 8.0 Adc 

hFE = 35(Typ) 

• Low Collector-Emitter Saturation Voltage — - 

VcE(sat) = 2.0 Vdc (Max) @ Ic = 8.0 Adc 


NPN 

PNP 

MJE4340 

MJE4350 

MJE4341 

MJE4351 

MJE4342 

MJE4352 

MJE4343 

MJE4353 



CASE 340-01 
TO-218AC 
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MJE4340 thru MJE4343NPN, MJE4350 thru MJE4353PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 


Synnbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 
dC = 200 mAdc, Ib = 0) 

MJE4340, MJE4350 
MJE4341, MJE4351 
MJE4342, MJE4352 
MJE4343, MJE4353 

VcEO(sus) 

100 

120 

140 

160 

- 


Collector-Emitter Cutoff Current 


•CEO 




(VcE = 50 Vdc, Ib = 0) 

MJE4340, MJE4350 


— 

750 


(VcE = 60 Vdc, Ib = 0) 

MJE4341, MJE4351 


__ 

750 


(VcE = 70 Vdc, Ib = 0) 

MJE4342, MJE4352 


— 

750 


(VcE = BO Vdc, Ib = 0) 

MJE4343, MJE4353 


— 

750 


Collector-Emitter Cutoff Current 


•CEX 




(VcE = Rated Vcb- VEB(off) = 1 5 Vdc) 



— 

1.0 


(VcE = Rated Vqb. VEB(off) =15 Vdc, Tq = 1 50°C) | 


— 

5.0 


Collector-Base Cutoff Current 


•CBO 

— 

750 

MAdc 

(VcB = Rated Vcb- Ie = 0) 






Emitter-Base Cutoff Current 


•ebo 

— 

1.0 

mAdc 

(Vbe = 7.0 Vdc, Ic = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 
dC = 8.0 Adc, VcE = 2.0 Vdc) 
dC = 1 6 Adc, VcE = 4.0 Vdc) 

»^FE 

15 

8.0 

. 

35 (Typ) 
15(Typ) 


Collector-Emitter Saturation Voltage 
dC = 8.0 Adc, Ib = 800 mA) 
dc= 16 Adc, Ib = 2.0 Adc) 

VcE(sat) 

- 

2.0 

3.5 


Base-Emitter Saturation Voltage 
dc=16Adc, lB = 2.0Adc) 

VBE(sat) 

— 

3.9 

Vdc 

Base-Emitter On Voltage 
dc = 1 6 Adc, VcE = 4.0 Vdc) 

VBE(on) 

— 

3.9 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 
dC = 1 .0 Adc. VcE = 20 Vdc, ftest = 0-5 MHz) 
Output Capacitance 
(VcB = 1 0 Vdc, Ie = 0, f = 0. 1 MHz) 


fj 1.0 


MHz 


^ob 


800 


PF 


(1 ) Pulse Test: Pulse Width < 300 »xs, Duty Cycle ^2.0%. 

(2) fT = lhf^ • ftest 


FIGURE 2 — SWITCHING TIMES TEST CIRCUIT 


Vcc 

+30 V 


,25 ms. 


+ 11 V 
0-i -- 
-9 


"tl 


tr, tf ^10 ns 
Duty Cycle = 1 .0% 



Di must be fast recovery type, eg: 
MBD5300 used above Ib « 100 mA 
MSD6100 used below Ib 100 mA 


Note: Reverse polarities to test PNP devices. 


FIGURE 3 - TYPICAL TURN-ON TIME 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IC, COLLECTOR CURRENT (AMP) 
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MJE4340 thru MJE4343NPN, MJE4350 thru MJE4353PNP 


TYPICAL CHARACTERISTICS 


FIGURE 4 - TURN-OFF TIME 


FIGURE 5 — ON VOLTAGES 






MJE4340 thru MJE4343NPN, MJE4350 thru MJE4353PNP 


FIGURE 9 - THERMAL RESPONSE 



FIGURE 10 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 



3.0 5.0 7.0 10 20 30 50 70 100 150 200 

VcE. COLLECTOR-EMIHER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC“VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 10 is based on Jq = 25°C; Tj(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 10 may be found 
at any case temperature by using the appropriate curve 
on Figure 9. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping,'etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current conditions during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 1 
gives RBSOA characteristics. 


FIGURE 11 - MAXIMUM REVERSE BIAS 
SAFE OPERATING AREA 



20 40 60 80 100 120 140 160 180 

VcE, COLLECTOR-EMIHER VOLTAGE (VOLTS) 


3 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


NPN Silicon Power 
Darlington Transistors 


MJE5740 

MJE5741 

MJE5742 


The MJE5740, 41, 42 Darlington transistors are designed for high-voltage power 
switching in inductive circuits. They are particularly suited for operation in applications 
such as: 

• Small Engine Ignition 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 


POWER DARLINGTON 
TRANSISTORS 
8 AMPERES 
300, 350, 400 VOLTS 
80 WATTS 



MAXIMUM RATINGS 


Rating 

Symbol 

MJE5740 

MJE5741 

MJE5742 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

300 

350 

400 

Vdc 

Collector-Emitter Voltage 

VCEV 

600 

700 

800 

Vdc 

Emitter Base Voltage 

Veb 

8 ' 

Vdc 

Collector Current — Continuous 

ic 


8 


Adc 

— Peak (1) 

•cm 


16 



Base Current — Continuous 

>B 


2.5 


Adc 

— Peak(l) 

>BM 


5 



Total Power Dissipation @ T/^ = 25°C 

Pd 


2 


Watts 

Derate above 25°C 



16 


mW/°C 

Total Power Dissipation @ Tc = 25°C 

Pd 


80 


Watts 

Derate above 25°C 



640 


mW/°C 

Operating and Storage Junction 

Tj. Tstg 

- 

-65 to -1-150 

°C 

Temperature Range 






(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle = 10%. 

THERMAL CHARACTERISTICS 



Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

1,56 

X/W 

Thermal Resistance, Junction to Ambient 

R^ja 

62.5 

x/w 

Maximum Lead Temperature for Soldering Purposes: 

1/8" from Case for 5 Seconds 

Tl 

275 

X 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (2) 

Collector-Emitter Sustaining Voltage 

MJE5740 

VCEO(sus) 

300 

— 

_ 

Vdc 

dc = 50 mA, Ib = 0) 

MJE5741 

350 

— 

— 



MJE5742 


400 

— , 

— 


Collector Cutoff Current (VcEV = Rated Value, VBE{off) = 1-5 Vdc) 


•CEV 

— 

— 

1 

mAdc 

(VcEV = Rated Value, VBE(off) - 1-5 Vdc, Tq 

= 100X) 


— 

— 

5 


Emitter Cutoff Current (Veb = 8 Vdc, Ic = 0) 

lEBO 

_ 

“ 

75 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 

See Figure 6 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 7 


(2) Pulse Test; Pulse Width = 300 fis, Duty Cycle = 2%. 


(continued) 
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MJE5740, MJE5741, MJE5742 


ELECTRICAL CHARACTERISTICS — continued (Tq = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

ON CHARACTERISTICS (1) 

DC Current Gain (Iq = 0.5 Adc, V/qe = 5 Vdc) 

hPE 

50 

100 

— 

— 

dC = 4 Adc, VcE = 5 Vdc) 


200 

400 

— 


Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

dC = 4 Adc, Ib = 0.2 Adc) 

— 

— 

2 


dC = 8 Adc, Ib = 0.4 Adc) 


— 

— 

3 


dC = 4 Adc, Ib = 0.2 Adc, Tc = 100°C) 


— 

— 

2.2 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 4 Adc, Ib = 0.2 Adc) 

— 

— 

2.5 


dC = 8 Adc, Ib = 0.4 Adc) 


— 

— 

3.5 


dC = 4 Adc, Ib = 0.2 Adc, Tq = 100°C) 


— 

— 

2.4 


Diode Forward Voltage (2) (Ip = 5 Adc) 

Vf 

- 

- 

2.5 

Vdc 


SWITCHING CHARACTERISTICS 


Typical Resistive Load (Table 1) | 

Delay Time 

(Vcc = 250 Vdc, lc(pk) = 6 A 
•b 1 = •B2 = 0-25 A, tp = 25 /as, 

Duty Cycle ^ 1%) 

td 

- 

0.04 

— 

/AS 

Rise Time 

tr 

- 

0.5 

— 

/AS 

Storage Time 

ts 

- 

8 

— 

/AS 

Fall Time 

tf 

- 

2 

- 

/AS 

Inductive Load, Clamped (Table 1) | 

Voltage Storage Time 

(•C(pk) = 6 A, VcE(pk) = 250 Vdc 

Ibi = 0.06 A, VBE(off) = 5 Vdc 

^sv 


4 

_ 

/AS 

Crossover Time 

^c 


2 

- 

/AS 


(1) Pulse Test: Pulse Width = 300 fis, Duty Cycle = 2%. 

(2) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. Tests have shown that the Forward 
Recovery Voltage (Vf) of this diode is comparable to that of typical fast recovery rectifiers. 


TYPICAL CHARACTERISTICS 
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MJE5740, MJE5741, MJE5742 


Table 1. Test Conditions for Dynamic Performance 


Reverse Bias Safe Operating Area and Inductive Switching 


Resistive 

Switching 


-W. a 

DUTVCrCLE s 10% 
tp tf ^ 10 ns 


1 33 1N4933 
2N2222 


+ 5V; 
1N4933rf 
.. 270 T f 


^SELECTED FOR > 1 kV 



PW and Vqc Adjusted for Desired Iq 
R 0 Adjusted for Desired 1 51 


COIL DATA: 

FERROXCUBE CORE #6656 
FULL BOBBIN (~16 TURNS) #16 


GAP FOR 200/UH/20A 
Wil ~ 200 /iH 


Vcc = 30 V 
VCE(pk) = 250 Vdc 
•C(pk) = 6 A 


Vcc = 250 V 

D1 = 1N5820OREQUIV. 




'c|k)^^/^ 

f . 

k- ti 


VCE^OR 
^ ^clamp 

a 

TIME 



Output Waveforms 

ti ADJUSTED TO 
OBTAIN Ic 


TEST EQUIPMENT 
SCOPE - TEKTRONIX 
475 OR EQUIVALENT 


tp, tf < 10 ns 
DUTY CYCLE = 1% 

Rb and rc adjusted 

FOR DESIRED Ib AND Ic 


OUTLINE DIMENSIONS 



Ic, COLLECTOR CURRENT (AMPS) 

Figure 5. Collector Saturation Voltage 



2 . CONTROLUNG DIMENSION: INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


HAS 15.75 0.570 0.620 

9.66 1038 0380 0.405 

-teZ 4.8 2 ..0.160 _ 0,19 0 


CASE 221A'04 
TO-220AB 
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MJE5740, MJE5741, MJE5742 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ Vqe 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 6 is based on Tc = 25°C; Tj(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tc ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 6 may be found 
at any case temperature by using the appropriate curve 
on Figure 1. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices Is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 7 gives the complete RBSOA characteristics. 


The Safe Operating Area figures shown in Figures 6 and 7 are specified ratings for these devices under the test conditions shown. 
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Figure 6. Forward Bias Safe Operating Area 
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Figure 7. Reverse Bias Safe Operating Area 


RESISTIVE SWITCHING PERFORMANCE 




Figure 8. Turn-On Time 


Figure 9. Turn-Off Time 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


Data Street 


SWITCHMODE SERIES 
PNP SILICON POWER TRANSISTORS 

The MJE5850, MJE5851 and the MJE5852 transistors are 
designed for high-voltage, high-speed, power switching in inductive 
circuits where fall time is critical. They are particularly suited for line 
operated switchmode applications such as; 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Delfection Circuits 
Fast Turn-Off Times 

100 ns Inductive Fall Time @ 25°C (Typ) 

1 25 ns Inductive Crossover Time @ 25°C (Typ) 

Operating Temperature Range -65 to +150°C 

100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



MAXIMUM RATINGS 


Rating 

Symbol 

MJE 

5850 

MJE 

5851 

MJE 

5852 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

300 

350 

400 

Vdc 

Collector-Emitter Voltage 

VCEV 

350 

400 

450 

Vdc 

Emitter Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

'c 


8.0 


Adc 

Peak(1) 

>CM 


16 



Base Current — Continuous 

'b 


4.0 


Adc 

Peak (1 ) 

'bm 


8.0 



Total Power Dissipation 

Pd 


80 


Watts 

@Tc = 25°C 






Derate above 25®C 



0.640 


W/°C 

Operating and Storage Junction 

Tj- Tgtg 


-65 to 1 50 

°C 

Temperature Range 







THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.25 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds 

Tl 

275 

°C 

(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle ^ 10%. 



MJE5850 

IVIJE5851 

MJE5852 


8 AMPERE 

PNP SILICON 
POWER TRANSISTORS 


300, 350, 400 VOLTS 
80 WATTS 



Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries - 
are given to facilitate "worst case" 
design. 



NOTES; 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-04 
TO-220AB 


DM 


ETERS 

MCI 

m 

MM 

MAX 

MM 

MAX 

A 

14.48 

15.75 

0.570 

0.620 

B 

9.66 

10.28 

0.380 

0.405 

c 

4.07 

4.82 

0.160 

0.190 

D 

0.64 

0.88 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

Q 

2.42 

2.66 

0.095 

0.105 

H 

2.80 

3.93 

0.110 

0.155 

J 

0.46 

0.71 

0.018 

0.028 

K 

12.70 

14.27 

0.500 

0.562 

1 

1.15 

1.39 

0.045 

0.055 


4.83 

5.33 

0.190 

0.210 

0 

2.54 

3.04 

0.100 

0.120 


2.04 1 

2.79 

0.080 

0.110 

s 

1.15 , 

1.39 

0.045 

0.055 

T 1 

5S7 

6.47 

0.235 

0.255 


0.00 

1.27 

0.000 

0.050 


1.15 

— 

0.045 

_ 

Zj 

— 

2J04J 

— 

0.080 
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MJE5850, MJE5851, MJE5852 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic j Symbol j Min j Typ j Max j Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage MJE5850 

(IC= 10 mA, Ib = 0) MJE5851 

MJE5852 

VcEO(sus) 

300 

350 

400 

- 

- 

Vdc 

Collector Cutoff Current 
(VcEV Rated Value, VgEloff) “ ^ 

(VcEV = Rated Value, VBE(Qff) = 1 .5 Vdc, Tq = 1 00°C) 

•CEV 

- 

- 

0.5 

2.5 

mAdc 

Collector Cutoff Current 
(VcE = Rated V^eV' RbE ~ ^0 ^C " ^ 00° C) 

•CER 

— 

— 

3.0 

mAdc 

Emitter Cutoff Current 
(VEB = 6.0Vdc, lc = 0) 

•ebo 

— 

— 

1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 12 

Clamped Inductive SOA with base reverse biased 

RBSOA 

See Figure 13 


♦ON CHARACTERISTICS 


DC Current Gain 
dC = 2.0 Adc, VcE = 5 Vdc) 

(IC = 5.0 Adc, VcE = 5 Vdc) 


15 

5 

- 

- 


Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

dC = 4.0 Adc, Ib = 1 0 Adc) 


— 

— 

2.0 


dc = 8.0Adc, lB=3.0Adc) 


— 

— 

5.0 


dC = 4.0 Adc, Ib = 1 0 Adc, Tq = 100°C) 


— 

— 

2.5 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

( 1 q = 4.0 Adc, Ib = 1 0 Adc) 


— 

— 

1.5 


dC = 4.0 Adc, Ib = 1 0 Adc, Tc = 100°C) 


— 

— 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

- 

270 

— 

pF 

(VcB = 10 Vdc, lE = 0, ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


1 Resistive Load (Table 1 ) j 

Delay Time 

(Vcc = 250 Vdc, Ic = 4.0 A, Ibi = 1 .0 A, 
tp = 50 /iS, Duty Cycle < 2%) 

td 

- 

0.025 

0.1 

MS 

Rise Time 

tr 

- 

0.100 

0.5 

MS 

Storage Time 

(Vcc = 250 Vdc, Ic = 4.0 A, Ibi = 1 .0 A, 

V BE(off) = 5 Vdc, tp = 50 ns, Duty Cycle ^ 2%) 

ts 

- 

0.60 

2.0 

MS 

Fall Time 

tf 

- 

0.11 

0.5 

MS 

Inductive Load, Clamped (Table 1 ) | 

Storage Time 

(‘CM = 4 A, VceM = 250 V, Ibi = 1 .0 a, 

VBE(off) = 5 Vdc, Tc = 100°C) 

isv 

- 

0.8 

3.0 

MS 

Crossover Time 

tc 

- 

0.4 

1.5 

MS 

Fall Time 

tfi 

_ 

0.1 

- 

MS 

Storage Time 

(‘CM = 4 A, Vcem = 250 V, Ibi = 1 .0 a, 
VBE(off)=5Vdc,Tc=25°C) 

tsv 

- 

0.5 

- 

MS 

Crossover Time 

tc 

— 

0.125 

— 

MS 

Fall Time 

tfi 

- 

0.1 

- 

MS 


* Pulse Test: PW = 300 yus. Duty Cycle ^ 2% 
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Ic, COLLECTOR CURRENT (nA) VcE, COLLECTOR -EMITTER VOLTAGE (VOLTS) FE, DC CURRENT GAIN 


MJE5850, MJE5851, MJE5852 







TEST CIRCUITS 


MJE5850, MJE5851, MJE5852 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VCEO(sus) 


RBSOAANO INDUCTIVE SWITCHING 


+ V 



PW Varied to Attain 
Iq = 100 mA 



+ V adjusted to obtain desired Vg^jQff) 


3d Lcoil = 80mH Vcc= 10 
Rcoil = 0.7n 

o> 


•-coil = 180MH 
Rcoil = 0.05 a 
Vcc = 20 V 


R adjusted to attain 1 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE SWITCHING 


TURN ON TIME 



Ig.) adjusted to 
obtain the forced 
hp p desired ' 


TURN OFF TIME 
Use inductive switching 
driver as the input to 


Vcc = 250 V 

R i_ = 62 n 

Pulse Width = 1 0 Ms 


RESISTIVE TEST CIRCUIT 



t-) Adiusted to 




FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 


FIGURE 8 - INDUCTIVE SWITCHING TIMES 




VBE(off), BASE-EMITTER VOLTAGE (VOLTS) 
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VOLTAGE STORAGE TIME (ms) 





MJE5850, MJE5851, MJE5852 


SWITCHING TIMES NOTE 


In resistive sv\/itching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not In phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined, 
tsv = Voltage Storage Time, 90% Ibi to 10 % VcEM 
tfv = Voltage Rise Time, 10—90% VcEM 
tfj = Current Fall Time, 90—10% Iqm 

tti = Current Tall, 10— 2% IcM 

tc = Crossover Time, 1 0% VcEM 1 0% •CM 
An enlarged portion of the inductive switching waveform 


is shown in Figure 7 to aid on the visual identity of 
these terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 
PSWT = 1 /2 Vcclc(tc)^ 

In general, t^y + tf| — tc- However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user orinented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tsy) which are 
guaranteed at 100°C. 


FIGURE 9 - TURN-ON SWITCHING TIMES 


FIGURE 10 - TURN-OFF SWITCHING TIMES 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.C 

IC, COLLECTOR CURRENT (AMPS) 


2.0 3.0 5.0 7.0 10.0 



Vcc = 250 V 
C/lB = 4 
VBE(off) = 5V 
Tj = 250 c 


0.3 0.5 0.7 1.0 2.0 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 11 - TYPICAL THERMAL RESPONSE [Z^jclt)! 
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MJE5850, MJE5851, MJE5852 


The Safe Operating Area figures shown in Figures 12 and 13 are 
specified for these devices under the test conditions shown. 


FIGURE 12 - MAXIMUM FORWARD BIAS 



10 20 40 70 100 200 300 400 500 

VcE. COLLECTOR EMITTER VOLTAGE (VOLTS) 


FIGURE 13 - RBSOA, MAXIMUM REVERSE BIAS 
SAFE OPERATING AREA 



SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe opierating area curves indicate Ic~Vqe 
limits of the transistor that must be observed for reliable 
ofjeration, i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Jq = 25°C; Tj(p|<) 
IS variable depending on power level Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
F igure 1 5 . 

Tj(pk) may be calculated from the data m Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the RBSOA characteristics. 



VBE(off), BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 15 - FORWARD BIAS POWER DERATING 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Designers Data Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJE8500 and MJE8501 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line operated switch- 
mode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

300 ns Inductive Fall Time - 25°C (Typ) 

500 ns Inductive Crossover Time — 25°C (Typ) 

900 ns Inductive Storage Time — 25°C (Typ) 

Operating Temperature Range —65 to +1 25^0 
100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE8500 

MJE8501 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

700 

800 

Vdc 

Collector-Emitter Voltage 

VCEV 

1200 

1400 

Vdc 

Emitter Base Voltage 

Veb 

8.0 

8.0 

Vdc 

Collector Current — Continuous 

'c 

2.5 

2.5 

Adc 

Peak(l) 

•cm 

5.0 

5.0 


Base Current — Continuous 

•b 

2.0 

2.0 

Adc 

Peakd) 

•bm 

4.0 

4.0 


Total Power Dissipation @ Tq = 25°C 

Pd 

65 

65 

Watts 

@ Tc = 100°C 


17 

17 


Derate above 25°C 


0.65 

0.65 

W/°C 

Operating and Storage Junction 

Tj. Tstg 

-65 to-H25 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.54 

°C/W 

Maximum Lead Temperature for Soldering 

Purposes; 1/8" from Case for 5 Seconds 

Tl 

275 

°c 

(1 ) Pulse Test: Pulse Width == 5 ms, Duty Cycle ^ 10%. 


MJE6040 thru MJE6045 
See 3-146 


MJE8500 

IVUE8501 


2.5 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

700 and 800 VOLTS 
65 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries - 
are given to facilitate "worst case" 
design. 



1 

2 

3 



I 
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MJE8500, MJE8501 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) MJE 

dC = 100 mA, Ib =0) MJE 

Collector Cutoff Current 

(VcEV ~ Rated Value, VBE(off) “ ^ Vdc) 

(VcEV = Rated Value, VsEjoff) = 1 -5 Vdc, Tq = 100^0 
Collector Cutoff Current 

(VcE = Rated Vqev^ RbE = 50 CL. Tq = 100°C) 


Emitter Cutoff Current 
(Vgg = 7.0 Vdc, 1^ 

SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 
Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS (1) 


DC Current Gam 

(Iq = 0.5 Adc, VQg = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(Iq = 1.0 Adc, Ig = 0.33 Adc) 

(Iq = 2.5 Adc, Ib = 10 Adc) 

(Iq = 1.0 Adc, Ig = 0.33 Adc, Tq = 100°C) 
Base-Emitter Saturation Voltage 
(Iq = 1.0 Adc, Ig = 0.33 Adc) 

(Iq = 1.0 Adc, Ig = 0.33 Adc, TC = 100°C) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 

(VcB = 10 Vdc, Ie = 0, ftest = 1 0 kHz) 
SWITCHING CHARACTERISTICS 
Resistive Load (Table 1) 


MJE8500 

MJE8501 


Storage Time ,3^,^ , 

Fall Time 

Inductive Load, Clamped (Table 1 ) 
Storage Time I (Iq = 1.0 A(pk; 


(Vcc = 500 Vdc, lc= 1.0 A, 

Ibi = 0.33 A,IVBE(off) ” 5.0 Vdc, tp = 50 ms. 
Duty Cycle < 2.0%) 



Crossover Time 


(Iq = 1.0 A(pk). V^ig^p = 500 Vdc, Ig^ = 0.33 A, 
VBE(off) = 5Vdc,Tc = 100°C) ' 

(Iq = 1.0 A(pk), V^ig^p = 500 Vdc, Ibi = 0.33 A. - 
VBE(off) = 5 Vdc,Tc = 25°C) 



(1 ) Pulse Test: PW - 300 ms. Duty Cycle < 2%. 
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lB2(pk). base CURRENT (AMPS) 


MJE8500, MJE8501 



TIME 

FIGURE 8 - PEAK REVERSE BASE CURRENT 


Ir = 1.0 

A 







B1 = B.3 

3 A 
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0 2.0 4.0 6.0 8.0 

VrE (Off), base emitter voltage (VOLTS) 


SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% Vq^ 
trv = Voltage Rise Time, 10-90% Vq^ 
tfj = Current Fall Time, 90-10% Ic 
tti = Current Tail, 10-2% Ic 
tc = Crossover Time, 10% Vqe (pk) to 10% \q 
An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222; 

PswT=1/2Vcclc(tclf 

In general, t^v + tfj — t^. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tjv) which are 
guaranteed at 100°C. 


TYPICAL RESISTIVE SWITCHING PERFORMANCE 


FIGURE 9 - TURN - ON SWITCHING TIMES 


FIGURE 10 - TURN - OFF SWITCHING TIMES 




0.15 0.2 0.3 0.5 0.7 1.0 2.0 3.0 

Ic, COLLECTOR CURRENT (AMPS) 
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MJE8500, MJE8501 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VCEO(sus) 


RBSOAAND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 



50 >100 


All Diodes - 1N4934 430 12] 39 S2 

All NPN - MJE200 J 

A1I PNP - MJE210 ^ 250 Mf 

Adjust R1 to obtain l0i 

For switching and RBsoA' ~ ® 

For BVceO(sus)- R 2 = «» 


Adjust to 
obtain 
, = 5.0 V 


Lcoii = 80 mH Vcc = 10 V 
Rcoil = 0.7 n 


Vclamp= 500 V 


Pulse Width = 1 0 Ms 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 





FIGURE 11 - THERMAL RESPONSE 











|0 (pk), PEAK COLLECTOR CURRENT (AMPS) p Iq, COLLECTOR CURRENT (AMP) 


MJE8500, MJE8501 


SAFE OPERATING AREA INFORMATION 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 
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FIGURE 13 - RBSOA, REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic-Vcg 
limits of the transistor that must be observed for reliable 
operation, i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate 

The data of Figure 12 is based on Tq = 25®C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

Tj(pk) may be calculated from the data m Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 
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Vqe, collector-emitter voltage (VOLTS) 


REVERSE BIAS 


For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete RBSOA characteristics. 
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figure 14 - POWER DERATING 
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MOTOROLA 

■I SEMICONDUCTOR 

TECHNICAL DATA 


DesijSjnei'H Data Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJE8502 and MJE8503 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line operated switch- 
mode applications such as; 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

150 ns Inductive Fall Time— 25°C (Typ) 

400 ns Inductive Crossover Time— 25°C (Typ) 

1200 ns Inductive Storage Time-25°C (Typ) 

Operating Temperature Range —65 to +125^0 
100°C Performance Specified for ; 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


Rating 

Symbol 

— 

MJE8502 

MJE8503 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

700 

800 

Vdc 

Collector-Emitter Voltage 

VCEV 

1200 

1400 

Vdc 

Emitter Base Voltage 

< 

m 

CD 

L 

8.0 

8.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

5.0 

Adc 

Peak(l) 

•cm 

10 

10 


Base Current — Continuous 

•b 

4.0 

4.0 

Adc 

Peakd) 

•bm 

8.0 

8.0 


Total Power Dissipation @ T (3 = 25°C 

Pd 

80 

80 

Watts 

@Tc = 100°C 


21 

21 


Derate above 25°C 


0.80 

0.80 

W/°C 

Operating and Storage Junction 

Tj- Tstg 

-65 to + 125 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.25 

°C/W 

Maximum Lead Temperature for Soldering 

Purposes: 1/8" from Case for 5 Seconds 

Tl 

275 

°C 

(1 ) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. 


MJE8502 

MJE8503 


5.0 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

700 and 800 VOLTS 
80 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries - 
are given to facilitate "worst case" 
design. 



3-1044 







MJE8502, MJE8503 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic [ Symbol | Min { Typ | Max | Unit ] 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1 ) MJE8502 

dC = 100 mA, Ib =0) MJE8503 

VcEO(sus) 

700 

800 

- 

- 

Vdc 

Collector Cutoff Current 

(VcEV ■ Rated Value, VBE(off) “ 1 

(VcEV “ Rated Value, VBB(Qff) = 1.5 Vdc, Tq =" 100®C) 

'CEV 

- 

- 

0.25 

5.0 

mAdc 

Collector Cutoff Current 

(VcE = Rated Vqev- RbE = 50 il, Tq = 100°C) 

•CER 

~ 


5.0 

mAdc 

Emitter Cutoff Current 
(Vgg = 7.0 Vdc, \q = 0) 

'ebo 



1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

'S/b 

See F igure 1 2 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 3 


ON CHARACTERISTICS (1) 


DC Current Gain 

dC = 1.0 Adc, VcE = 5.0 Vdc) 

hFE 

7.5 


- 


Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

dc = 2.5 Adc, Ib = 10 Adc) 


- 


2.0 


dc = 5.0 Adc, Ib = 2.0 Adc) 


- 


5.0 


dc = 2.5Adc, Ib = I.OAdc, Tc= 100°C) 


- 

- 

3.0 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dc = 2.5 Adc, Ib = 10 Adc) 


_ 

- 

1.5 


dc = 2.5 Adc, Ib = 1.0 Adc, Tc = 100°C) 


- 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Oob 

60 

- 

300 I 

pF 

(VcB = 10 Vdc, Ie = 0, ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


[ Resistive Load (Table 1) | 

Delay Time 

(Vcc = 500 Vdc, Ic = 2.5 A, 

IBI = 1.0 A, VBE(off) = 5.0 Vdc, tp = 50 /u,s. 

Duty Cycle 2.0%) 

td 

- 

0.040 

0.20 

MS 

Rise Time 

tr 

- 

0.125 

2.0 

MS 

Storage Time 

ts 

- 

1.2 

4.0 

■FS 

Fall Time 

tf 

- 

0.65 

2.0 

MS 

Inductive Load, Clamped (Table 1) | 

Storage Time 

dc = 2.5 A(pk), Vciamp = 500 Vdc, Ibi = 1.0 A, 
VBE(off) = 5 Vdc, TC = 100°C) 

fsv 

- 

1.6 

5.0 

MS 

Crossover Time 

^c 

- 

0.60 

2.0 

MS 

Storage Time 

dc = 2.5 A(pk), Vciamp = 500 Vdc, Ibi = 1.0 A, 
VBE(off) = 5Vdc, Tc = 25°C) 

^sv 

- 

1.2 

- 

A'S 

Crossover Time 

^c 

-■ 

0.4 

- 

MS 

Fall Time 

tfi 

- 

0.15 

- 

MS 


(1 ) Pulse Test: PW - 300 ms, Duty Cycle < 2%. 
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MJE8502, MJE8503 


SWITCHING TIMES NOTE 



TIME 


FIGURE 8 - PEAK REVERSE BASE CURRENT 



In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% VcE(pk) 
trv = Voltage Rise Time, 10-90% VcE(pk) 
tfi = Current Fall Time, 90 — 10% Iq 
ttj = Current Tail, 10-2% Iq 
tc = Crossover Time, 10% VcE{pk) fo 10% IC 
An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222 ; 

PSWT " 1/2 Vcc'c<^c)^ 

In general, trv + tfi “ tj,. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tjv) which are 
guaranteed at 100°C. 


TYPICAL RESISTIVE SWITCHING PERFORMANCE 


FIGURE 9 - TURN-ON SWITCHING TIMES 
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IC, COLLECTOR CURRENT (AMPS) 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


















lC(pk), PEAK COLLECTOR CURRENT (AMPS) 'C- COLLECTOR CURRENT (AMP) 
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FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 



10 20 50 100 200 500 1000 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 13 - RBSOA, REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 



SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling abilTty 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate iQ-VcE 
limits of the transistor that must be observed for reliable 
operation: i.e., the transistor must not be subj'ected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14, 

Tj(pk) may be calculated from the data In Figure 11, 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, In most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-currerit 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device Is never subj'ected to an avalanche mode. Figure 13 
gives the complete RBSOA characteristics. 



0 20 50 70 100 120 140 

Tq, case TEMPERATURE (“0 
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ELECTRICAL CHARACTERISTICS (T^ = 25®C unless otherwise noted) 

Characteristic | Symbol j Min | Typ | Max J Unit | 

OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 
(IC = 50mAdc, iB = 0) 

VCEOfsus) 

750 

- 

- 

Vdc 

Collector Cutoff Current 

IVce = 1500 Vdc.VBE = 0) 

•CES 



1.0 

mAdc 

Emitter Cutoff Current 
(Vbe * 5.0 Vdc, Ic = 0) 

•ebo 

— 


0.1 



ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 

Mc = 2.0 Adc, Ib= 1.8 Adc) 

VcElsat) 

- 

- 

5.0 

mu 

Base-Emitter Saturation Voltage 
(IC = 2.0 Adc, Ib = 1.8 Adc) 

Vbe (sat) 

— 

— 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

IVcB = 10 Vdc, Ie = 0, f = 0.1 MHz) 

Cob 

- 

50 

- 

PF 

Current Gain — Bandwidth Product 1 1 ) 

He = 0.1 Adc, VcE = 5.0 Vdc, ftest = 1 -0 MHz) 

It 

— 

4.0 

- 

MHz 


SWITCHING CHARACTERISTICS 


Fall Time 

tf 





(IC = 2.0Adc, Ibi = 1.0 Adc, Lb = 12 mH) 


1 

0.65 

1.0 



(1) Pulse Test; Pulse Width ^ 300 ms. Duty Cycle = 2%. 



0.03 0,05 0.1 0.2 0.5 1.0 2.0 3.0 

IC, COLLECTOR CURRENT (AMP) 



0.25 0.3 0.4 0.5 0,7 1.0 2.0 2.5 


IC, COLLECTOR CURRENT (AMP) 


FIGURE 4 - SAFE OPERATING AREA 



3-1051 











MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MJE13002 

IVUE13003 


Data Stieet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

These devices are designed for high-voltage, high-speed power switch- 
ing inductive circuits where fall time is critical. They are particularly 
suited for 115 and 220 V SWITCHMODE applications such as 
Switching Regulators, Inverters, Motor Controls, Solenoid/Relay 
drivers and Deflection circuits. 

SPECIFICATION FEATURES; 

• Reverse Biased SO A with Inductive Loads @ Tq = 100°C 

• Inductive Switching Matrix 0.5 to 1.5 Amp, 25 and 100°C 

. . . tc @ 1 A, 100°C is 290 ns (Typ). 

• 700 V Blocking Capability 

• SOA and Switching Applications Information. 


MAXIMUM RATINGS 

Rating 

Symbol 

MJE 13002 

MJE13003 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

300 

400 

Vdc 

Collector-Emitter Voltage 

VcEV 

600 

700 

Vdc 

Emitter Base Voltage 

vebo 

9 

Vdc 

Collector Current — Continuous 

•c 

1.5 

Adc 

- Peak (1) 

•cm 

3 



Base Current — Continuous 

Ib 

0.75 

Adc 

— Peak (1 ) 

•bm 

1.5 


Emitter Current - Continuous 

•e 

2.25 

Adc 

- Peak (1) 

'em 

4.5 


Total Power Dissipation@T;^ = 25°C 

Pd 

1.4 

Watts 

Derate above 25°C 


11.2 

mW/OC 

Total Power Dissipation @Tq = 250C 

Pd 

40 

Watts 

Derate above 25°C 


320 

mW/®C 

Operating and Storage Junction 

TjTstg 

-65 to +150 

OC 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

RfljC 

3.12 

°C/W 

Thermal Resistance, Junction to 

Ambient 

RflJA 

89 

°c/w 

Maximum Lead Temperature for 
Soldering Purposes; 1/8” from Case 
for 5 Seconds 

Tl 

275 

OC 


(1) Pulse Test: Pulse Width = Sms, Duty Cycle < 10%. 


Designer's Data for "Worst Case" Conditions 

The Designers Data Sheet permits the design of most circuits entirely 
from the information presented. Limit data — representing device 
characteristics boundaries — are given to facilitate "worst case" 
design. 


1.5 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

300 and 400 VOLTS 
40 WATTS 




NOTES; 

1, LEADS, TRUE POSITIONED WITHIN 0.25mm (0.010) 
DIA TO DIM A & B AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MILUM 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.04 

0.425 

0.435 

B 

7.50 

7.74 

0.295 

0.305 

c 

2.42 

2.66 

0.095 

0.105 

0 

0.51 

0.66 

0.020 

0.026 

F 

2.93 

3.17 

0.115 

0.125 

G 

2.32 

2.46 

0,091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.39 

0.63 

0.016 

0.025 

K 

14.61 

16.63 

0.575 

0,655 

M 

3“1 

rvp 

3-1 

rvp 

ZqI 

3.76 

4.01 

0.148 

0.158 

R 

1.15 

1.39 

0.045 

0.055 

S 

0.64 

0.88 

0.025 

0.035 

u 

3.69 

3.93 

0.145 

0.155 

V 

1.02 


0.040 

_ 


CASE 77-05 
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ELECTRICAL CHARACTERISTICS {Jq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage 

VcEOlsus) 



imiii 

Vdc 

(IC = 10 mA, Ib =0) MJE13002 


300 

- 



MJE 13003 1 


400 

- 

mn 


Collector Cutoff Current 

•CEV 



■■ 


(VcEV ” Rated Value, VBE(off) = 1-5 Vdc) 


- 

- 



(VcEV “ Rated Value, VBE(Qff) = 1 ,5 Vdc, Tq = 100°C) 


- 

- 



Emitter Cutoff Current 


- 

- 

1 

mAdc 

(Veb =9 Vdc, lc = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 11 


Clamped Inductive SOA with base reverse biased 

RBSOA 

See Figure 12 



ON CHARACTERISTICS (1) 


DC Current Gain 

dc = 0.5 Adc, VcE = 2 Vdc) 

(IC= 1 Adc, VcE =2Vdc) 

^FE 

8 

5 

- 

40 

25 

~ 

Collector-Emitter Saturation Voltage 

VcE(sat) 





{IC = 0.5 Adc, Ib = 0.1 Adc) 


- 

- 

0.5 


(IC = 1 Adc, Ib = 0.25 Adc) 


- 

- 

1 


(IC = 1.5 Adc, Ib» 0.5 Adc) 


- 

- 

3 


dc = 1 Adc, Ib = 0.25 Adc, Tq = lOO^C) 


- 

- 

1 


Base-Emitter Saturation Voltage 

VBE(sat) 

■■■■ 




dc =0.5 Adc, Ib = 0.1 Adc) 



- ■ 



dc = 1 Adc, Ib = 0.25 Adc) 



- 



dc = 1 Adc, Ib = 0.25 Adc, Tc = lOOOC) 



- 




DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

dc = 100 mAdc, VcE = 10 Vdc, f = 1 MHz) 

It 

4 

10 

- 

MHz 

Output Capacitance 

(VcB = 10 Vdc. Ig = 0. f = 0.1 MHz) 

Cob 

— 

21 

~ 

PF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

(Vcc = 125 Vdc, lc = 1 A, 

•b 1 “ *82 “ 0.2 A, tp - 25 ms. 

Duty Cycle < 1%) 

'd 

- 

0.05 

0.1 

MS 

Rise Time 

tr 

- 

0.5 

1 

MS 

Storage Time 

ts 

- 

2 

4 

MS 

Fall Time 

tf 

- 

0.4 ^ 

0.7 

MS 

Inductive Load, Clamped (Table 1 , Figure 13) | 

Storage Time 

<«C=1 A.Vciamp = 300 Vdc. 

Ibi = 0.2 A, VBE(off) = 5 Vdc, Tc = 100^0 

tsv 

- 

1.7 

4 

MS 

Crossover Time 

tc 

- 

0.29 

0.75 

MS 

Fall Time 

^fi 

- 

0.15 

- 

MS 


( 1 ) Pulse Test: PW = 300 Duty Cycle < 2%, 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 




TIME 


TABLE 2 - TYPICAL INDUCTIVE SWITCHING PERFORMANCE 


•c 

TC 

tsv 

Vv 

tfl 

tti 


AMP 

®C 

MS 

MS 

MS 

MS 

MS 

0.5 

25 

1.3 

0.23 

0.30 

0.35 

0.30 


100 

1.6 

0.26 

0.30 

0.40 

0.36 

1 


1.5 




0.16 



1.7 




0.29 

1.5 

25 

1.8 

0.07 

0.10 

0.05 

0.16 


100 

3 

0.08 

0.22 

0.08 

0.28 


NOTE: All Data Recorded in the Inductive Switching Circuit in Table 1 
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SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% Vdamp 
trv = Voltage Rise Time, 10—90% Vdamp 
tfj = Current Fall Time, 90-10% Iq 
tti = Current Tail, 10-2% Ic 
tc = Crossover Time, 10% Vdamp to 10% Ic 
An enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222^ 

PSWT= Vcclc<tc)^ 

In general, trv + tfi =“ t^. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tjvl which are 
guaranteed at 100°C. 


RESISTIVE SWITCHING PERFORMANCE 


FIGURE 8 - TURN-ON TIME FIGURE 9 - TURN-OFF TIME 



Ic, COLLECTOR CURRENT (AMP) IC, COLLECTOR CURRENT (AMP) 


FIGURE 10 - THERMAL RESPONSE 



t, TIME OR PULSE WIDTH (ms) 
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Tha Safe Operating Area figures shown in Figures 1 1 and 12 are 
specified ratings for these devices under the test conditions shown. 



SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor; average junction temperature and second 
breakdown. Safe operating area curves indicate Iq-Vce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on Tq = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve 
on Figure 13. 

Tj{pk) be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
12 gives RBSOA characteristics. 


FIGURE 13 - FORWARD BIAS POWER DERATING 
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TECHNICAL DATA 
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SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

These devices are designed for high-voltage, high-speed power switch- 
ing inductive circuits where fall time is critical. They are particularly 
suited for 1 15 and 220 V SWITCHMODE applications such as Switch- 
ing Regulator's, Inverters, Motor Controls, Solenoid/ Relay drivers 
and Deflection circuits. 

SPECIFICATION FEATURES: 

• VcEO(sus) 400 V and 300 V 

• Reverse Bias SOA with Inductive Loads @ Tq = 100°C 

• Inductive Switching Matrix 2 to 4 Amp, 25 and 100°C 

. . . tc @ 3A, 100°C is 180 ns (Typ) 

• 700 V Blocking Capability 

• SOA and Switching Applications Information. 


MAXIMUM RATINGS 

Rating 

Symbol 

MJE 13004 

MJE 13005 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

300 

400 

Vdc 

Collector-Emitter Voltage 

VCEV 

600 

700 

Vdc 

Emitter Base Voltage 

Vebo 

9 

Vdc 

Collector Current — Continuous 
- Peak (1) 

•c 

'CM 

4 

8 

Adc 

Base Current — Continuous 
- Peak (1) 

•b 

• bm 

2 

4 

Adc 

Emitter Current — Continuous 
- Peak (1 ) 

lE 

'em 

6 

12 

Adc 

Total Power Dissipation@TA = 25°C 
Derate above 25°C 

Pd 

2 

16 

Watts 

mW/OC 

Total Power Dissipation@Tc = 25°C 
Derate above 25°C 

Pd 

75 

600 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

^J'^stg 

-65 to -FI 50 

°C 

THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rqjc 

1.67 

°C/W 

Thermal Resistance, Junction to 

Ambient 

Rqja 

62.5 

°c/w 

Maximum Lead Temperature for 
Soldering Purposes; 1/8" from Case 
for 5 Seconds 

Tl 

275 

°c 

(1 ) Pulse Test; Pulse Width = 5 ms. Duty Cycle < 10%. 



Designer's Data for "Worst Case" Conditions 

The Designers Data Sheet permits the design of most circuits entirely 
from the information presented. Limit data — representing device 
characteristics boundaries —are given to facilitate "worst case"design. 






MJE13004 

MJE13005 


4 AMPERE 
NPN SILICON 
POWER TRANSISTORS 

300 and 400 VOLTS 
75 WATTS 




1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1962. 

2. CONTROLUNG DIMENSION: INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


STYLE 1; 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-04 
TO-220AB 


DM 

Mmn 

MM 

E1ERS 

NCI 

m 

MAX 

MN 

MAX 

A 

14.48 

15.75 

0.570 

0.620 

B 

9.66 

10.28 

0.380 

0.405 

c 

4.07 

4.82 

0.160 

0.190 

D 

0.64 

0.88 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

6 

2.42 

2.66 

0.095 

0.105 

H 

2.80 

3.93 

0.110 

0.155 

J 

0.46 

0.71 

0.018 

0.028 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.15 

1.39 

0.045 

0.055 

N 

4.83 

5.33 

0.190 

0.210 


2.54 

3.04 

0.100 

0.120 

nr 

2.04 

2.79 

0.060 

0.110 


1.15 

1.39 

0.045 

0.055 

T 

5.97 

6.47 

0.235 

0.255 

u 

0.00 

1.27 

0.000 

0.050 

V 

1.15 

_ 

0.045 


z 

- 

2.04 

- 

0.060 
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ELECTRICAL CHARACTERISTICS (T^ =25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 


*OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 

VcEO(sus) 





dc = 10 mA. Ib = 0) MJE13004 


300 

- 

- 


MJE13005 


400 

- 

- 


Collector Cutoff Current 

•CEV 




mAdc 

(VcEV = Raied Value, VBE(off) = 1 -5 Vdc) 


- 

- 

1 


(VcEV = Raied Value, VsEloff) = ^ -5 Vdc. Tq = 100^0 


- 

- 

5 


Emitter Cutoff Current 

•ebo 

- 

_ 

1 


(Veb =9 Vdc. lc = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

‘S/b 


See Figure 11 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 


See Figure 12 


*ON CHARACTERISTICS 


DC Current Gain 

dc “ 1 Adc, VcE = 5 Vdc) 
dc = 2Adc, VcE = 5Vdc) 

hpE 

10 

8 

- 

60 

40 


Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

dC = 1 Adc. Ib = 0.2 Adc) 


- 

- 

0.5 


dc = 2 Adc, Ib = 0.5 Adc) 


- 

- 

0.6 


dc = 4 Adc, Ib = 1 Adc) 


- 

- 

1 


dc = 2 Adc, Ib * 0.5 Adc, Tc = 100^0 


- 

- 

1 


Base-Emitter Saturation Voltage 






dc ® 1 Adc, Ib = 0.2 Adc) 


- 

- 



dC = 2Adc, Ib =0.5 Adc) 


- 

- 



dc = 2 Adc, Ib = 0.5 Adc, Tc = 100°C) 


- 

- 




DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

dc = 500 mAdc, Vce = 10 Vdc, f = 1 MHz) 

♦t 

4 

- 

- 


Output Capacitance 

(VcB - 10 Vdc, Ie = 0, f = 0.1 MHz) 

^ob 

- 


- 



SWITCHING CHARACTERISTICS 


Resistive Load (Table 2) | 

Delay Time 

(Vce = 125 Vdc, Ic = 2 A, 

•b 1 = (B2 = 0.4 A, tp * 25 ns, 

Duty Cycle < 1%) 

td 

- 

0.025 

0.1 

MS 

Rise Time 

1r 

- 

0.3 

0.7 

MS 

Storage Time 

ts 

- 

1.7 

4 

MS 

Fall Time 

tf 

- 

0.4 

0.9 

MS 

Inductive Load, Clamped (Table 2, Figure 13) 1 

Voltage Storage Time 

(IC = 2A, Vciamp “ 300 Vdc. 

Ibi = 0.4 A, VBE(off) = 5 Vdc, Tc = 100°C) 

tsv 

- 

0.9 

4 

MS 

Crossover Time 

tc 

- 

0.32 

0.9 

MS 

Fall Time 

'fi 

- 

0.16 

- 

MS 


•Pulse Test: Pulse Width = 300 ns, Duty Cycle = 2%. 
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Ic. COLLECTOR CURRENT luA) BASE-EMITTER VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 


MJE13004, MJE13005 


FIGURE 1 - DC CURRENT GAIN FIGURE 2 - COLLECTOR SATURATION REGION 





0.04 0.06 0.1 0.2 0.4 0.6 1 2 4 


Ic, COLLECTOR CURRENT (AMP) 



0.04 0.06 0.1 0.2 0.4 0.6 1 2 4 


Ic, COLLECTOR CURRENT (AMP) 



I— Ml — * ■ t .i .. I , 1 t .A J. .1 

- 0.4 - 0.2 0 + 0.2 + 0.4 + 0.6 
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FIGURE 6 - CAPACITANCE 
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TABLE 1 - TYPICAL INDUCTIVE SWITCHING PERFORMANCE 


‘c 

Tc 

tsv 

trv 

tfi 

tti 

tc 

AMP 

°C 

ns 

ns 

ns 

ns 

ns 

2 

25 

600 

70 

100 

80 

180 


100 

900 

110 

240 

130 

320 

3 

25 

650 

60 

140 

60 

200 


100 

950 

100 

330 

100 

350 

4 

25 

550 

70 

160 

100 

220 


100 

850 

110 

350 

160 

390 


NOTE: All Data recorded in the inductive Switching Circuit in Table 2. 


SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for Inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Igl to 10% Vdamp 
trv = Voltage Rise Time, 10-90% Vdamp 
tfj = Current Fall Time, 90 — 10% Iq 
tti = Current Tail, 10 — 2% Iq 
tc = Crossover Time, 10% Vdamp to 10% Iq 
A n enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

^SWT " VQQlQ(tc)f 

In general, t^v + tfj — t^. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25®C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE” transistor are 
the inductive switching speeds (tc and tjv) which are 
guaranteed at lOO^C. 


RESISTIVE SWITCHING PERFORMANCE 
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TABLE 2 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



FIGURE 10 - TYPICAL THERMAL RESPONSE [Z^jcit)] 
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The Safe Operating Area Figures 11 and 12 are 
specified ratings for these devices under the test conditions shown. 



5 7 10 20 30 50 70 100 200 300 400500 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 12- REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 



0 100 200 300 400 500 600 700 800 

VcEV. COLLECTOR-EMITTER CLAMP VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC“VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on Tc = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve 
on Figure 13. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
12 gives the complete RBSOA characteristics. 



Tc, CASE TEMPERATURE (OC) 
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Data Sheet 


SWITCHMODE SERIES 
IMPN SILICON POWER TRANSISTORS 

The MJE 13006 and MJE 13007 are designed for high-voltage, 
high-speed power switching inductive circuits where fall time is 
critical. They are particularly suited for 115 and 220 V switch- 
mode applications such as Switching Regulators, Inverters, Motor 
Controls, Solenoid/Relay drivers and Deflection circuits. 


8 AMPERE 
NPN SILICON 
POWER TRANSISTORS 
300 and 400 VOLTS 
80 WATTS 



3 


SPECIFICATION FEATURES: 

• VcEO(sus) 400 V and 300 V 

• Reverse Bias SOA with Inductive Loads @ Tq = 100°C 

• Inductive Switching Matrix 3 to 8 Amp, 25 and 100°C 

. . . tc @ 5A, lOO^C is 136 ns (Typ). 

• 700 V Blocking Capability 

• SOA and Switching Applications Information. 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE 13006 

MJE 13007 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

300 

400 

Vdc 

Collector-Emitter Voltage 

VcEV 

600 

700 

Vdc 

Emitter Base Voltage 

Vebo 


Vdc 

Collector Current — Continuous 

ic 


8 

Adc 

- Peak (1) 

ICM 


16 


Base Current — Continuous 

Ib 


4 

Adc 

-Peakd) 

•bm 


8 


Emitter Current - Continuous 

lE 


12 

Adc 

-Peakd) 

'EM 


24 


Total Power Oissipation@TA = 25°C 

Pd 


2 

Watts 

Derate above 25°C 



16 

mW/OC 

Total Power Dissipation @Tc = 25®C 

Pd 


80 

Watts 

Derate above 25°C 


640 

mW/°C 

Operating and Storage Junction 

TjTstg 

-65 to +150 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

P*0JC 

1.56 

OC/W 

Thermal Resistance, Junction to 
Ambient 

R0JA 

62.5 

*C/W 

Maximum Lead Temperature for 
Soldering Purposes: 1/8" from Case 
for 5 Seconds 

Tl 

275 

°C 


(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 




NOTES; 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION; INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGUURITIES ARE ALLOWED. 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-04 
TO-220AB 


DM 

MSJJM 

ETERS 

MCI 

HES 

MM 

MAX 

MM 

MAX 

A 

14.48 

15.75 

0.570 

0.620 

B 

9.66 

10.28 

0.380 

0.405 

c 

4.07 

4.82 

0.160 

0.190 


0.64 

0.88 

0.025 

0.035 

p 

3.61 

3.73 

0.142 

0.147 

G 

2.42 

2.86 

0.095 

0.105 

H 

2.80 

3.93 

0.110 

0.155 

J 

0.46 

0.71 

0.018 

0.028 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.15 

1.39 

0.045 

0.055 

III 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.060 

0.110 

S 

1.15 

1.39 

0.045 

0.055 

7 

5.97 

6.47 

0.235 

0.255 

_u_ 

0.00 

1.27 

0.000 

0.050 

V 

1.15 

_ 

0.045 


z 

- 

2M 

- 

0.080 
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ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 


Typ 


Unit 

*OFF CHARACTERISTICS 

Co I lector -Emitter Sustaining Voltage 

VcEO(sus) 



nmn 


(IC = 10 mA, Ib = 0) MJE13006 


300 

- 



MJE13007 


400 

- 



Collector Cutoff Current 

•CEV 



mm 


<VcEV = Rated Value, VBE(off) = 1 .5 Vdc) 


- 

- 



(VcEV = Rated Value, VBE(off) = 1 -5 Vdc, Tq = 100°C) 


- 

- 

■EH 


Emitter Cutoff Current 

•ebo 

- 

_ 

■■■■ 


(Veb =9 Vdc, lc = 0) 



1 

■1 



SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 1 

Clamped Inductive SO A with Base Reverse Biased 

- 

See Figure 2 


*ON CHARACTERISTICS 


DC Current Gain 

dc = 2 Adc, VcE = 5 Vdc) 

(IC = 5Adc, VcE = 5Vdc) 



- 


■ 

Collector-Emitter Saturation Voltage 

VcE(sat) 

mmn 


miiii 


He = 2 Adc, Ib = 0.4 Adc) 



- 



(•C = 5 Adc, Ib = 1 Adc) 



- . 



(Iq = 8 Adc, Ib = 2 Adc) 



- 



dc = 5 Adc, Ib = 1 Adc, Tc = lOOOC) 


ebb 

- 

BHI 

HBB 

Base-Emitter Saturation Voltage 






dc = 2 Adc, Ib = 0.4 Adc) 



- 



dC = 5Adc, Ib = 1 Adc) 



- 



dc = 5 Adc, Ib = 1 Adc, Tc = 100^0 


EBB 

- 

■B 

HBB 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

dc = 500 mAdc, VcE = 10 Vdc, f = 1 MHz) 

It 

4 

- 

- 


Output Capacitance 

(VcB - 10 Vdc, Ie = 0, f = 0.1 MHz) 


— 

110 

~ 



SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) j 

Delay Time 

(Vec “125 Vdc, Ic “ 5 A, 

*81 = Ib2 = 1 A, tp = 25 ms, 

Duty Cycle < 1%) 

td 

- 

0.05 

0.1 

MS 

Rise Time 

tr 

- 

0.8 

1.5 

MS 

Storage Time 

ts 

- 

1 

3 

MS 

Fall Time 

tf 

- 

0.15 

0.7 

MS 

Inductive Load, Clamped (Table 1, Figure 13) | 

Voltage Storage Time 

(Ic = 5A, Vciamp = 300 Vdc, 

•b 1 = 1 A, VBE(off) = 5 Vdc, Tc = lOO^C) 

t«v 

- 

0.86 

mm 

MS 

Crossover Time 

^c 

- 

0.14 

0.7 

MS 


•Pulse Test: Pulse Width = 300 ms. Duty Cycle = 2%. 


3-1065 










FIGURE 1 - FORWARD BIAS SAFE OPERATING AREA 


FIGURE 2 - REVERSE BIAS SWITCHING SAFE OPERATING AREA 
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CURVES APPLY BELOW RATED VcEO 
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VCE, COLLECTOR - EMITTER VOLTAGE (VOLTS) 



VBE(off) = 9 V- 


100 200 300 400 500 600 700 801 

VCEV, COLLECTOR-EMITTER CLAMP VOLTAGE (VOLTS) 


The Safe Operating Area figures shown in Figures 1 and 2 ate specified ratings for these devices under the test conditions shown. 


FIGURE 3 - FORWARD BIAS POWER DERATING 



60 80 100 120 
Tc, CASE TEMPERATURE (“0 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC"VcE 
limits of the transistor that ttiust be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tq = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 may be found 
at any case temperature by using the appropriate curve on 
Figure 3. 

Tj(pk) be calculated from the data in Figure 4. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

Use of reverse biased safe operating area data (Figure 2) 
is discussed in the applications information section. 


FIGURE 4 - TYPICAL THERMAL RESPONSE [Zejcit)] 
















MJE13006, MJE13007 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



APPLICATIONS INFORMATION FOR SWITCHMODE SPECIFICATIONS 


INTRODUCTION 

The primary considerations when selecting a power 
transistor for SWITCHMODE applications are voltage 
and current ratings, switching speed, and energy handling 
capability. In this section, these specifications will be 
discussed and related to the circuit examples illustrated 
in Table 2.0) 


VOLTAGE REQUIREMENTS 

Both blocking voltage and sustaining voltage are 
important in SWITCHMODE applications. 

Circuits B and C in Table 2 illustrate applications 
that require high blocking voltage capability. In both 
circuits the switching transistor is subjected to voltages 
substantially higher than Vcc after the device is com- 
pletely off (see load line diagrams at Iq = leakage ^ 0 
in Table 2). The blocking capability at this point depends 
on the base to emitter conditions and the device junction 
temperature. Since the highest device capability occurs 
when the base to emitter junction is reverse biased 
(VcEV)/ this is the recommended and specified use 

(1) For detailed information on specific switching applications, 
see Motorola Application Notes AN-719,AN-737'A„AN-767, 
and AN-752. 


condition. Maximum IcEV 9t rated Vqev 's specified 
at a relatively low reverse bias (1.5 Volts) both at 25®C 
and 100°C. Increasing the reverse bias will give some 
improvement In device blocking capability. 

The sustaining or active region voltage requirements 
In switching applications occur during turn-on and turn- 
off. If the load contains a significant capacitive component, 
high current and voltage can exist simultaneously during 
turn-on and the pulsed forward bias SOA curves (Fig- 
ure 1) are the proper design limits. 

For inductive loads, high voltage and current must be 
sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices Is specified as a Reverse Bias Safe 
Operating Area (Figure 2) which represents voltage- 
current conditions that can be sustained during reverse 
biased turn-off. This rating is verified under clamped 
conditions so that the device is never subjected to an 
avalanche mode. 

In the four application examples (Table 2) load lines 
are shown In relation to the pulsed forward and reverse 
biased SOA curves. 
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VOLTAGE REQUIREMENTS (continued) 

In circuits A and D, inductive reactance is clamped by 
the diodes shown. In circuits B and C the voltage is 
clamped by the output rectifiers, however, the voltage 
induced in the primary leakage inductance is not clamped 
by these diodes and could be large enough to destroy the 
device. A snubber network or an additional clamp may 
be required to keep the turn-off load line within the 
Reverse Bias SOA curve. 

Load lines that fall within the pulsed forward biased 
SOA curve during turn-on and within the reverse bias 
SOA curve during turn-off are considered safe, with the 
following assumptions: 

(1) The device thermal limitations are not exceeded. 

(2) The turn-on time does not exceed 10 ijls (see stan- 
dard Dulsed forward SOA curves in Figure 1). 

(3) The base drive conditions are within the specified 
limits shown on the Reverse Bias SOA curve 
(Figure 2). 

CURRENT REQUIREMENTS 

An efficient switching transistor must operate at the 
required current level with good fall time, high energy 


handling capability and low saturation voltage. On this 
data sheet, these parameters have been specified at 5 
amperes which represents typical design conditions for 
these devices. The current drive requirements are usually 
dictated by the VcE(sat) specification because the maxi- 
mum saturation voltage is specified at a forced gain 
condition which must be duplicated or exceeded in the 
application to control the saturation voltage. 

SWITCHING REQUIREMENTS 

In many switching applications, a major portion of the 
transistor power dissipation occurs during the fall time 
(tfj). For this reason considerable effort is usually devoted 
to reducing the fall time. The recommended way to 
accomplish this Is to reverse bias the base-emitter junction 
during turn-off. The reverse biased switching character- 
istics for inductive loads are discussed in Figure 11 and 
Table 3 and resistive loads in Figures 13 and 14. Usually 
the inductive load component will be the dominant 
factor In SWITCHMODE applications and the inductive 
switching data will more closely represent the device 
performance in actual application. The inductive switch- 
ing characteristics are derived from the same circuit used 
to specify the reverse biased SOA curves, (See Table 1) 
providing correlation between test procedures and actual 
use conditions. 


RESISTIVE SWITCHING PERFORMANCE 

FIGURE 11 - TURN-ON TIME FIGURE 12 - TURN-OFF TIME 




TIME 



3 


FIGURE 14 - TYPICAL INDUCTIVE SWITCHING WAVEFORMS 
(at 300 V and 8A with Iqi = 1.6A and VQE(off) ~ 5 V) 



TIME 20 ns/DIV 
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TABLE 2 ~ APPLICATIONS EXAMPLES OP SWITCHING CIRCUITS 


CIRCUIT 


LOAD LINE DIAGRAMS 


TIME DIAGRAMS 


SERIES SWITCHING 
REGULATOR 


16A 


Turn-On (Forward Bias) SO A 
ton < 10 m* 


Vcc 





Duty Cycla < 10% 
^PO = 3200W@ 
^^300 V 


Turn-Off (Reveroe Bias) SO A 
5V <VBE(off)<9 0V 
Duty Cycle <10% 


tn 


z 


, Idff 


VcE 


Vcc46oV ,0 700 V0 

Collector Voltage 

Notes: 

0 MJE13007 Voltage Ratings (Vceo(sus) ^cev* are Shown, 
MJE 13006 Ratings are 100 V Lower. 

0 See AN-569 for Pulse Power Derating Procedure. 




Vcc 


RINGING CHOKE 
INVERTER 


Vcc 




16A- 


SA 


Turn-On (Forward Bias) SOA 
ton < 10 ms 

\ Duty Cycle <10% 

^ Tc * 100°C -^Pd = 32OOW0 

300 V 

Turn-Off (Reverse Bias) SOA 

5 V < VBE(off) ^ 9 0 V 
)uty Cycle < 10% 


U 


400 V 0""'"'' 700 V 0 

Vcc + N(Vo) Collector Voltage 

Notes: 

0 MJE13007 Voltage Ratings (VcEO(sus) arid Vqev^ ^re Shown. 

MJE 13006 Ratings Are 100 V Lower. 

0 See AN-569 For Pulse Power Derating procedure 





Leakage Spike 


Vcc"" 

N(Vo) 


01 



PUSH-PULL 

INVERTER/CONVERTER 


Vcc 


^Turn-On (Forward Bias) SOA 
16A ton < 10 ms 

\ Duty Cycle < 10% 

^pQ = 3200W d) 

\ ^^300 V Turn-Off (Reverse Bias) SOA 





1.5 V < VBEioffl <9 0 V 
Duty Cycle <10% 


8A 


Vcc 400 V 0 

Collector Voltage 

Notes: 

0 MJE13007 Voltage Ratings (VcEO(sus) and VcEV^ ^re Shown, 
MJE 13006 Ratings Are 100 V Lower. 

0 See AN-569 for Pulse Power Derating Procedure. 




VcE 



SOLENOID DRIVER 


16A- - 


Vcc 

Solenoid 


OO-'C 

1 


Turn-On (Forward Bias) SOA 
ton <10 MS 

^ Duty Cycle < 10% 

Pd = 3200W 0 


\ 

\ 


300 V Turn-Off (Reverse Bias) SOA 
1.5 V<VBE(off)< 9.0 V 
Duty Cycle < 10% 








Vcc 400 V 0 700 V 0 

fvjotes: Collector Voltage 

0 MJE 13007 Voltage Ratings (VceO(sus) and Vcev^ ^re Shown, 
MJE 13006 Ratings Are 100 V Lower. 

0 See AN-569 for Pulse Power Derating Procedure. 


VcE 

Vcc 
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TABLE 3 - TYPICAL INDUCTIVE SWITCHING PERFORMANCE 




tsv 

tfV 

tfi 


■a 


bh 

ns 

ns 

ns 


Bb 

IIHHIi 


730 





IBB 


1000 





5 

25 

600 

60 

23 

4 

85 


100 

860 

84 

50 

10 

136 

8 

25 

650 

25 

26 

4 

42 


100 

880 

52 

80 

20 

160 


NOTE : All Data recorded in the inductive Switching Circuit in T able 1 . 


SWITCHING TIME NOTES 


In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

tsv ^ Voltage Storage Time, 90% Igl to 10% VqeM 
trv “ Voltage Rise Time, 10—90% VqeM 
tfj = Current Fall Time, 90-10% IqM 
tti = Current Tail, 10-2% Iqm 
tc = Crossover Time, 10% VqEM ^0*^° 'CM 
An enlarged portion of the turn-off waveforms is shown in 
Figure 13 to aid in the visual identity of these terms. 


For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222A: 

PSWT = 1/2 Vcclc(tc) ^ 

Typical inductive switching waveforms are shown in 
Figure 14. In general, t^^ + tfj — t^,. However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a “SWITCHMODE" transistor are the inductive 
switching speeds (tc and tgv) which are guaranteed at 
100°C. 
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SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJE 13008 and MJE 13009 are designed for high-voltage, 
high-speed power switching inductive circuits where fall time is 
critical. They are particularly suited for 115 and 220 V switch- 
mode applications such as Switching Regulators, Inverters, Motor 
Controls, Solenoid/Relay drivers and Deflectioncircults. 

SPECIFICATION FEATURES: 

• VcEO(sus) 400 V and 300 V 

• Reverse Bias SOA with Inductive Loads @ Tq = lOO^C 

• Inductive Switching Matrix 3 to 12 Amp, 25 and lOO^C 

. . . tc @ 8 A, 100°C is 120 ns (Typ). 

• 700 V Blocking Capability 

• SOA and Switching Applications Information. 


MAXIMUM RATINGS 





Rating 

Symbol 

MJE 13008 

MJE 13009 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

300 

400 

Vdc 

Collector-Emitter Voltage 

VcEV 

600 

700 

Vdc 

Emitter Base Voltage 

Vebo 



Vdc 

Collector Current - Continuous 

•c 

12 

Adc 

-Peakd) 

•cm 

24 


Base Current ~ Continuous 

Ib 

6 

Adc 

- Peak (1) 

•bm 

12 


Emitter Current — Continuous 

'E 

18 

Adc 

-Peakd) 

•em 

36 


Total Power Dissipation @1'^ = 25°C 

Pd 


2 

Watts 

Derate above 25°C 


16 

mW/OC 

Total Power Dissipation @Tc = 250C 

Pd 

100 

Watts 

Derate above 25°C 


800 

mW/°C 

Operating and Storage Junction 
Temperature Range 

TjTstg 

-65to-H50 

OC 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.25 

°C/W 

Thermal Resistance, Junction to 

Ambient 

R^ja 

62.5 

OC/W 

Maximum Lead Temperature for 

Soldering Purposes: 1/8" from Case 
for 5 Seconds 

Tl 

275 

°C 

(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 




12 AMPERE 
NPN SILICON 
POWER TRANSISTORS 
300 and 400 VOLTS 
100 WATTS 



Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 





NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3! DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


STYLE 1; 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-04 
TO-220AB 


DM 

MKUM 

eERS 

INQ 

4ES 

Mm 

MAX 

Mm 

MAX 

A 

14.48 

15.75 

0.570 

0.620 

1 

9.66 

10.28 

0.380 

0.405 

c 

4.07 

4.82 

0.160 

0.190 

D 

0.64 

0.88 

0.025 

0,035 

F 

3,61 

3.73 

0.142 

0.147 

G 

2.42 

2.66 

0.095 

0.105 

H 

2.80 

3.93 

0.110 

0,155 

J 

0.46 

0.71 

0.018 

0.028 

K 

12.70 

HzT 

0.500 

0.562 

L 

1.15 


0.045 

0.055 

N 

4.83 

5.33 

0.190 

0.210 

0 

2.54 

3.04 

0.100 1 

0.120 

R 

2.04 

2.79 

0.080 

0.110 

s 

1.15 

1.39 

0.045 

0.055 

T 

5.97 

6.47 

0.235 

0.255 

u 

0.00 

1.27 

0.000 

0.050 

V 

1.15 


0.045 

* 

z 


2.04 


0.080 
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ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

*OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 

VcEO(sus) 




Vdc 

dC = 10 mA, Ib = 0) MJE13008 


300 

- 

- 


MJE13009 


400 

- 

- 


Collector Cutoff Current 

•CEV 




mAdc 

(VcEV “ Rated Value, VgEloff) ^ ^ 


- 

- 

1 


(VcEV = Rated Value, VsEloff) = ^ -5 Vdc, Tq = 100^0 


- 

- 

5 


Emitter Cutoff Current 

•ebo 

- 

- 

1 

mAdc 

(Veb = 9 Vdc, Ic = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 1 

Clamped Inductive SOA with Base Reverse Biased 

- 

See Figure 2 


*ON CHARACTERISTICS 


DC Current Gain 

dC = 5 Adc, VcE = 5 Vdc) 
dc = 8Adc, Vce = 5 Vdc) 

ItFE 

8 

6 


40 

30 


Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

dC = 5 Adc, Ib = lAdc) 


- 

- 

1 


dc = 8 Adc, Ib = 1.6 Adc) 


- 

- 

1.5 


dc= 12 Adc, Ib = 3 Adc) 


- 

- 

3 


dc = 8 Adc, Ib = 1.6 Adc, Tc = 100^0 


- 

- 

2 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dc = 5 Adc, Ib = 1 Adc) 


- 

- 

1.2 


dc = 8 Adc, Ib = 1.6 Adc) 


- 

- 

1.6 


dc = 8Adc, Ib = 1.6 Adc,Tc= lOO^C) 


- 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

dc = 500 mAdc, Vce = 10 Vdc, f = 1 MHz) 

It 

4 

- 

- 

MHz 

Output Capacitance 

(VcB ■ 10 Vdc, Ie = 0, f = 0.1 MHz) 

^ob 


180 


pF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) j 

Delay Time 

(Vcc= 125 Vdc, lc = 8 A, 

Ibi = •b2 = 1.6 a, tp = 25 MS, 

Duty Cycle < 1%) 

td 

- 

0.06 

0.1 

MS 

Rise Time 

tf 

- 

0.45 

1 

MS 

Storage Time 

U 

- 

1.3 

3 

MS 

Fall Time 

tf 

- 

0.2 

0.7 

MS 

1 Inductive Load, Clamped (Table 1 , Figure 1 3) | 

Voltage Storage Time 

(IC = 8A,Vciamp = 300Vdc, 

Ibi = 1.6 a, VBE(off) = 5 Vdc, Tc = lOO^C) 

tsv 

- 

0.92 

2.3 

MS 

Crossover Time 



- 

0.12 

0.7 

MS 


•Pulse Test: Pulse Width = 300 m, Duty Cycle = 2%. 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



APPLICATIONS INFORMATION FOR SWITCHMODE SPECIFICATIONS 


INTRODUCTION 

The primary considerations when selecting a power 
transistor for SWITCHMODE applications are voltage 
and current ratings, switching speed, and energy handling 
capability. In this section, these specifications will be 
discussed and related to the circuit examples illustrated 
in Table 2.(1 ) 


VOLTAGE REOUIREMENTS 

Both blocking voltage and sustaining voltage are 
important in SWITCHMODE applications. 

Circuits B and C in Table 2 illustrate applications 
that require high blocking voltage capability. In both 
circuits the switching transistor is subjected to voltages 
substantially higher than Vqc a^fer the device is com- 
pletely off (see load line diagrams at Iq = heakage ^ 0 
in Table 2). The blocking capability at this point depends 
on the base to emitter conditions and the device junction 
temperature. Since the highest device capability occurs 
when the base to emitter junction is reverse biased 
(^CEV)- this is the recommended and specified use 

(1)For detailed information on specific switching applications, 
see Motorola Application Notes An-719, AN-737A, AN-752, 
AN-767. 


condition. Maximum IqEV at rated is specified 

at a relatively low reverse bias (1.5 Volts) both at 25°C 
and 100°C. Increasing the reverse bias will give some 
improvement in device blocking capability. 

The sustaining or active region voltage requirements 
in switching applications occur during turn-on and turn- 
off. If the load contains a significant capacitive component, 
high current and voltage can exist simultaneously during 
turn-on and the pulsed forward bias SOA curves (Fig- 
ure 1) are the proper design limits. 

For inductive loads, high voltage and current must be 
sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as a Reverse Bias Safe 
Operating Area (Figure 2) which represents voltage- 
current conditions that can be sustained during reverse 
biased turn-off. This rating is verified under clamped 
conditions so that the device is never subjected to an 
avalanche mode. 

In the four application examples (Table 2) load lines 
are shown in relation to the pulsed forward and reverse 
biased SOA curves. 
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VOLTAGE REQUIREMENTS (continued) 

In circuits A and D, inductive reactance is clamped by 
the diodes shown. In circuits B and C the voltage is 
clamped by the output rectifiers, however, the voltage 
induced in the primary leakage inductance is not clamped 
by these diodes and could be large enough to destroy the 
device. A snubber network or an additional clamp may 
be required to keep the turn-off load line within the 
Reverse Bias SOA curve. 

Load lines that fall within the pulsed forward biased 
SOA curve during turn-on and within the reverse bias 
SOA curve during turn-off are considered safe, with the 
following assumptions; 

(1) The device thermal limitations are not exceeded. 

(2) The turn-on time does not exceed 10 jus (see stan- 
dard pulsed forward SOA curves in Figure 1 ). 

(3) The base drive conditions are within the specified 
limits shown on the Reverse Bias SOA curve 
( Figure 2). 

CURRENT REQUIREMENTS 

An efficient switching transistor must operate at the 
required current level with good fall time, high energy 


handling capability and low saturation voltage. On this 
data sheet, these parameters have been specified at 8 
amperes which represents typical design conditions for 
these devices. The current drive requirements are usually 
dictated by the VcE(sat) specification because tVie maxi- 
mum saturation voltage is specified at a forced gain 
condition which must be duplicated or exceeded in the 
application to control the saturation voltage. 

SWITCHING REQUIREMENTS 

In many switching applications, a major portion of the 
transistor power dissipation occurs during the fall time 
(tfj). For this reason considerable effort is usually devoted 
to reducing the fall time. The recommended way to 
accomplish this is to reverse bias the base-emitter junction 
during turn-off. The reverse biased switching character- 
istics for inductive loads are discussed in Figure 11 and 
Table 3 and resistive loads in Figures 13 and 14. Usually 
the inductive load component will be the dominant 
factor in SWITCHMODE applications and the inductive 
switching data will more closely represent the device 
performance in actual application. The inductive switch- 
ing characteristics are derived from the same circuit used 
to specify the reverse biased SOA curves, (See Table 1) 
providing correlation between test procedures and actual 
use conditions. 


RESISTIVE SWITCHING PERFORMANCE 

FIGURE 11 - TURN-ON TIME FIGURE 12 - TURN-OFF TIME 




FIGURE 13 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 


FIGURE 14 - TYPICAL INDUCTIVE SWITCHING WAVEFORMS 
(at 300 V and 12 A with Igi = 2.4 A and VBE(off) = 5 V) 


>C 

> 

G 

CN 

I- 

Z 

UJ 

GC 

X 

D 

O 


VCE 



TIME 20 ns/DIV 
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TABLE 2 - APPLICATIONS EXAMPLES OF SWITCHING CIRCUITS 


CIRCUIT 


LOAD LINE DIAGRAMS 


TIME DIAGRAMS 


SERIES SWITCHING 
REGULATOR 


24A 


Tc - 1 00 


Vcc 


Turn-On (Forward Bias) SOA 
ton < 10 ms 
\ Duty Cycle < 10% 

Pq = 4000 W d) 

^350V 


T 



Turn-Off (Reverse Bias) SOA 

<VBE(off)<90V 
Cycle < 10% 


Vcc 400 V 0 700 V0 

Collector Voltage 

Notes; 

0 MJE 13009 Voltage Ratings (VcEO(sus) VqeV^ shown, 
MJE13008 Ratings are 100 V Lower. 

0 See AN-569 for Pulse Power Derating Procedure. 


M 

ton ^ ^off 

J L_ , 


VCE 




RINGING CHOKE 
INVERTER 


-X 1 o 

i Vo 
i o 


Turn-On (Forward Bias) SOA 
ton < 10 MS 
Duty Cycle < 10% 

^ To - 100°C -A Pd = 4000 W @ 

350 V 

Turn-Off (Reverse Bias) SOA 

BE(off) < 9 0 V 


24A - 


12A 



/ 1.5 V < VBE(off) < 

I Duty Cycle < 10% 



yy' 400 V 0''"'""" 700 V 0 

Vcc N(Vo) Collector Voltage 

otes; 

0 MJE 13009 Voltage Ratings (Vceo(sus) Vqev^ are shown, 
MJE 13008 Ratings are 100 V Lower. 

0 See AN-569 For Pulse Power Derating procedure 



PUSH-PULL 

INVERTER/CONVERTER 


Tc = 100°C - 


u 


^Turn-On (Forward Bias) SOA 
ton < 10 ms 
Duty Cycle < 10% 

^ P0 = 4000 W@ 

^350 V Turn-Off ( Reverse Bias) SOA 
1.5 V< VBE(off)<9.0 V 
Duty Cycle < 10% 







Vcc 400 V 0 

Collector Voltage 

otes; 

0 MJE13009 Voltage Ratings (VcEO(sus) VcEV^ ^ 
MJE 13008 Ratings are 100 V Lower. 

0 See AN-569 for Pulse Power Derating Procedure. 


in 

1^"” ^ h 


2 Vcc 
Vcc 


SOLENOID DRIVER 


Tc = 100°C 



Y 


P d 
\ 

\ 


Turn-On (Forward Bias) SOA 
ton < 10 MS 
Duty Cycle < 10% 

= 4000 W @ 

350 V Turn-Off (Reverse Bias) SOA 
1.5 V<VBE(off)< 9.0 V 
Duty Cycle < 1 0% 


Turn-On 


Vcc 400 V 0 700 V 0 

Notes; Collector Voltage 

0 MJE13009 Voltage Ratings (Vceo(sus) Vcev) ‘ 
MJE 13008 Ratings are 100 V Lower. 

0 See AN-569 for Pulse Power Derating Procedure. 
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TABLE 3 - TYPICAL INDUCTIVE SWITCHING PERFORMANCE 


•c 

Tc 

*sv 

tfV 

tfi 

tti 

tc 

AMP 

°C 

ns 

ns 

ns 

ns 

ns 

3 

25 

770 

100 

150 

200 

240 


100 

1000 

230 

160 

200 

320 

5 

m 



26 

10 

100 





55 

30 

180 


m 



m 


m 





1^9 



12 

m 


^9 

■■ 

■■ 

41 


■Dim 





54 


NOTE ; All Data recorded in the inductive Switching Circuit In T able 1 . 


SWITCHING TIME NOTES 


In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% VcEM 
trv = Voltage Rise Time, 10-90% VcEM 
tfj = Current Fall Time, 90-10% Iqm 
tti = Current Tail, 10-2% IcM 
tc = Crossover Time, 10% VcEM 'CM 

An enlarged portion of the turn-off waveforms is shown in 
Figure 13 to aid in the visual identity of these terms. 


For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

PSWT = 1/2 Vcclc(tc) ^ 

Typical inductive switching waveforms are shown in 
Figure 14. In general, t^y + tfj — t(,. However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25^C and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (tc and tgv) which are guaranteed at 
lOO^C. 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


i ru'r’s l>aia Shei‘t 


SWITCHMODE II SERIES 
NPN SILICON POWER TRANSISTORS 

The MJE1 3070 and MJE1 3071 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line-operated switch- 
mode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

100 hs Inductive Fall Time (§> 25®C (Typ) 

1 50 ns Inductive Crossover Time @ 25°C (Typ) 

400 ns Inductive Storage Time (g) 25°C (Typ) 

Operating Temperature Range -65 to ^ISO^C 

100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



MAXIMUM RATINGS 


Rating 

Symbol 

MJE13070 

o 

CO 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

400 

450 

Vdc 

Collector-Emitter Voltage 

VCEV 

650 

750 

Vdc 

Emitter Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

— Peak (1) 

•cm 

8.0 


Base Current — Continuous 

•b 

2.0 

Adc 

— Peak(l) 

•bm 

4.0 


Total Power Dissipation @ Tq = 25°C 

Pd 

80 

Watts 

(g) Tc= 100“C 


32 


Derate above 25°C 


0.64 

W/°C 

Operating and Storage Junction 

Tj. Tgtg 

-65 to +1 50 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.56 

°C/W 

Maximum Lead Temperature for Soldering 

Purposes: 1/8" from Case for 5 Seconds 

Tl 

275 

°c 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle ^ 10%. 




IVIJE13070 

MJE13071 


5 AMPERE 

NPN SILICON 
POWER TRANSISTORS 


400 AND 450 VOLTS 
80 WATTS 



Designer's Data for 
"Worst Case" Conditions 

The Designer's Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
"worst case " design. 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

?. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


DM 

MUJM 

CTERS 

WO 

HES 

MW 

MAX 

MW 

MAX 

A 

14.48 

15.75 

0.570 

0.620 

B 

9.66 

10.28 

0.380 

0,405 

c 

4.07 

4.82 

0.160 

0.190 

D 

0.64 

0.88 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

G 

2.42 

2.66 

0.095 

0.105 

H 

2.80 

3.93 

0.110 

0,155 

J 

0.46 

0.71 

0.018 

0,028 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.15 

1.39 

0.045 

0.055 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0.110 

S 

1.15 

1.39 

0,045 

0.055 

T 

5.97 

6.47 

0.235 

0.255 

U 

0.00 

1.27 

0.000 

0.060 

V 

1.15 

— 

0.045 


Z 

- 

2.04 

- 

0.080 



CASE 221A-04 
TO-220AB 


■ 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic [ Symbol [ Min [ Typ | Max j Unit 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage (Table 1) 
dC = 1 00 mA, Ib = 0) M JE1 3070 

MJE13071 

VCEO(sus) 

400 

450 

- 

- 

Vdc 

Collector Cutoff Current 

'CEV 




mAdc 

(VcEV “ Rated Value, VBE(off) =15 Vdc) 


— 

— 

0.5 


(VcEV = Rated Value, VBE(off) =15 Vdc, Tq = 1 00°C) 


— 

— 

2.5 


Collector Cutoff Current 

•CER 

— 

— 

3.0 

mAdc 

(VcE = Rated VcEV> RbE = 50 fl, Tc = 100°C) 






Emitter Cutoff Current 

•ebo 

— 

— 

1.0 

mAdc 

(Veb = 6.0 Vdc, Ic = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•S/b 

See Figure 1 2 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 3 



ON CHARACTERISTICS (1) 


DC Current Gain 
(IC= 3.0 Adc, VcE= 5.0 Vdc 

hFE 

8.0 

- 


— 

Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

(Ic = 3.0 Adc, Ib = 0.6 Adc) 


— 

— 

1.0 


(IC= 5.0 Adc, Ib = 1.0 Adc) 

• 

— 

— 

3.0 


dC = 3.0 Adc, Ib = 0.6 Adc, Tq = 1 00°C) 


- 

- 

2.0 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

(lc= 3.0 Adc, Ib = 0.6 Adc) 


— 

— 

1.5 


(Ic = 3.0 Adc, Ib = 0.6 Adc, Tc = 100°C) 


— 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

^ob 

- 

— 

250 

pF 

(VcB = 1 0 Vdc, Ie = 0, ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

(Vcc = 250 Vdc, Ic = 3.0 Adc, 

Ibi = 0.4 Adc, tp = 30 yus. 

Duty Cycle ^2%, VsEjoff) = 5.0 Vdc) 

^d 

_ 

0.03 

0.05 

MS 

Rise Time 

tr 

— 

0.10 

0.40 

Storage Time . 


— 

0.40 

1.50 

Fall Time 

tf 

— 

0.175 

0.50 


Inductive Load, Clamped (Table 1) 


Storage Time 

('C(pk) = 3.0 A, 

Ibi = 0.4 Adc, 

VBE(off)= 5.0 Vdc, 

VCE(pk) = 250 V) 

(Tj = 100°C) 

^v 

— 

0.70 

2.0 

MS 

Crossover Time 

Ic 

— 

0.28 

0.50 

Fall Time 

tfi 

— 

0.15 

0.30 

Storage Time 

(Tj = 25°C) 

tsv 

— 

0.40 

— 

Crossover Time 

Ic 

— 

0.15 

— 

Fall Time 

Ifi 

- 

0.10 

- 


(1) Pulse Test: PW - 300 /LiS, Duly Cycle iS2%, 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VcEO(sus) 


RBSOA AND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 


0 02)uF 100 


^IT 



TURN OFF TIME 
J$e inductive twitchin 


Adjust Rbi to obtain Ibi 

For switching and FIBsq/^, R2 = 0 

For BVcEOisus)- R2 = «> 


Lcoil = 80 mH Vcc = 10W 
Rcoil = 0,7 n 


Lcoii = ^80 

Rcoil = 0 05 n 
Vcc = 20 V 


Vclamp 250 V 

Rgl adjusted to attain desired Ig-j I 


Vpp= 250 V 
Rl= 83 !1 

Pulse Width = 10 ;i;s 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 


Sea Above fo 
Detailed Con< 




-coilCCok’ 2 


Test Equipment 
Scope — Tel<troni> 
475 or Equivalent 



FIGURE 7 — INDUCTIVE SWITCHING MEASUREMENTS 


FIGURE 8 - PEAK REVERSE CURRENT 








'c/' 

’ K- 

— 



Vrc 



'^CE 



'b — 

— 

90% 

-- 








ICPk -f 





— 






'c = 

3,0 A 


Tj 

25°C 





j3f = 

5.0 
































1 









1 









1 


] 


0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

VBE(off)- BASE-EMITTER VOLTAGE (VOLTS) 
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SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Ibi to 10% Vdamp 
trv = Voltage Rise Time, 10-90% Vdamp 
tfj = Current Fall Time, 90 — 10% Iq 
t^i = Current Tail, 10-2% Ic 
tc = Crossover Time, 10% Vdamp to 10% iC 
An enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PSWT= 1/2 Vcc'c^^c)^ 

In general, try + tfj - t^,. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tjy) which are 
guaranteed at 100°C. 


INDUCTIVE SWITCHING 



0.5 0,7 1.0 2 0 3.0 5.0 

Ic, COLLECTOR CURRENT (AMPS) 



^ ^ 1 ^ 1 I 

0.5 0,7 1.0 2.0 3.0 5.0 


Ic, COLLECTOR CURRENT (AMPS) 


FIGURE 1 1 — THERMAL RESPONSE 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC“VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Jq = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when 25°C. Second breakdown limitations 

do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

Tj{pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specifiefi 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 



Tc.CASE TEMPERATURE (OC) 


The Safe Operating Area figures shown in Figures 12 and 13 are 
specified for these devices under the test conditions shown. 


FIGURE 12 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 



FIGURE 13 - MAXIMUM RATED REVERSE BIAS 
SAFE OPERATING AREA 



100 200 300 400 500 600 700 750 

VcE. COLLECTOR-EMinER VOLTAGE (VOLTS) 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


NPN PNP 

MJE15028 MJE15029 
MJE15030 MJE15031 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use as high-frequency drivers in audio amplifiers. 

• DC Current Gain Specified to 4.0 Amperes 

hpE = 40(Min) @ Ic = 3.0 Adc 
= 20(Min) @ Ic = 4.0 Adc 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 120 Vdc (Min) - MJE15028, MJE15029 
= 150 Vdc (Min) - MJE15030, MJE 15031 

• High Current Gain — Bandwidth Product 

fj = 30 MHz (Min) @ Iq = 500 mAdc 

• TO-220AB Compact Package 

• TO-66 Leadform Also Available 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE 15028 

MJE 15029 

MJE 15030 
MJE15031 

Unit 

Collector-Emitter Voltage 

VCEO 

120 

150 

Vdc 

Collector-Base Voltage 

VcB 

120 

150 

Vdc 

Emitter-Base Voltage 

< 

m 

00 

— —5.0 ^ 

Vdc 

Collector Current — Continuous 

'c 

— 8.0 ^ 

Adc 

- Peak 



— 16 ^ 



Base Current 
Total Power Dissipation 
@ Tc = 25°C 

Derate above 25°C 

Total Power Dissipation 
@ Ta = 25OC 

Derate above 25°C 

Operating and Storage Junction Tj 
Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

2.5 

^C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

62.5 

°c/w 
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NPN MJE1 5028, MJE1 5030 
PNP MJE1 5029, MJE1 5031 


ELECTRICAL CHARACTERISTICS (Tr * 25^C unless othen^ise noted) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage <1) 

VcEOlsus) 

dc “ 10 mAdc, Ib = 0) 

MJE15028. MJE15029 


MJE 15030, MJE 15031 


Collector Cutoff Current 
(VcE = 120 Vdc, Ib = 0) 
(VcE = 150 Vdc, Ib = 0) 

Collector Cutoff Current 
(VcB = 120 Vdc, Ie =0) 
<VcB = 150 Vdc, lE = 0) 


Emitter Cutoff Current 


MJE 15028, MJE 15029 
MJ El 5030, MJE 15031 


MJE 15028, MJE 15029 
MJE15030, MJE15031 


ON CHARACTERISTICS (1 ) 

DC Current Gain 

dc = 0.1 Adc, VcE = 2.0 Vdc) 
dc = 2.0 Adc, VcE = 2.0 Vdc) 
dc = 3.0 Adc, VcE = 2.0 Vdc) 
dc = 4.0 Adc, VcE = 2.0 Vdc) 

hpE 

DC Current Gain Linearity 

(VcE 2.0V to 20V, Ic From 0.1 A to 3A) 

(NPN TO PNP) 

hpE 

Collector-Emitter Saturation Voltage 
dc = 1.0 Adc, Ib = 0.1 Adc) 

VcE(sat) 

Base-Emitter On Voltage 

dc = 1 .0 Adc, VcE = 2.0 Vdc) 

VBE(on) 

DYNAMIC CHARACTERISTICS 

Current Gain — Bandwidth Product (2) 

dC = 500 mAdc, VcE = 10 Vdc, ftest= 10 MHz) 


(1 )Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 

(2)f j = 1 hfg I • 


FIGURE 2 - THERMAL RESPONSE 




















Ihfel SMALL SIGNAL CURRENT GAIN IC. COLLECTOR CURRENT (AMP) IC. COLLECTOR CURRENT (AMU 


NPN MJE1 5028, MJE1 5030 
PNP MJE1 5029, MJE1 5031 


FIGURE 3 ~ FORWARD BIAS 
SAFE OPERATING AREA 



FIGURE 4 - REVERSE-BIAS SWITCHING 
SAFE OPERATING AREA 



0 100 110 120 130 140 150 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

f, FREQUENCY, MHz 


There are two {imit8tior)t on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the tran- 
sistor that must be observed for reliable operation, i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figures 3 and 4 is based on Tjfpj^) « 150®C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tjjpi^) < 150®C. Tj(p|j) 
may be calculated from the data in Figure 2. At high case tempera- 
tures, thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second breakdown. 


FIGURE 5 - CAPACITANCES 



FIGURE 7 - CURRENT GAIN-BANDWIDTH PRODUCT 



0.1 0.2 0.5 1.0 2.0 5.0 10 


IC, COLLECTOR CURRENT (AMP) 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


Designer’s Data Sheet 


SWITCHMODE III SERIES 
NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed 
switching of inductive circuits where fall time and RBSOA are 
critical. They are particularly well-suited for line-operated switch- 
mode applications. 

The MJE16004 and MJH16CX)4 are high-gain versions of the 
MJE16C)02 and MJH16CX)2 for applications where drive current 
is limited. 

Typical Applications: 

• Switching Regulators 

• High Resolution Deflection Circuits 

• Inverters 

• Motor Drives 

• Fast Switching Speeds 

50 ns Inductive Fall Time @ 75°C (Typ) 

70 ns Crossover Time @ 75°C (Typ) 

• 100°C Performance Specified for: 

Reverse- Biased SOA 
Inductive Svyitching Times 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


Rating 

Symbol 

IVIJE16002 
MJ El 6004 

MJH16002 

MJH16004 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

450 

Vdc 

Collector-Emitter Voltage 

VCEV 

850 

Vdc 

Emitter-Base Voltage 

veb 

6.0 

Vdc 

Collector Current — Continuous 

'c 

5.0 

Adc 

— Peak(1) 

•cm 

10 


Base Current — Continuous 

•b 

4.0 

Adc 

— Peak(1) 

•bm 

8.0 


Total Power Dissipation @ T^ = 25°C 

Pd 

80 

100 

Watts 

@Tc= 100°C 


32 

40 


Derate above Tq = 25®C 


0.64 

0.8 

W/°C 

Operating and Storage Junction 

Tj. Tgtg 

-65 to +150 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

•^ejc 

1.56 1 1.25 

oc/w 

Lead Temperature for Soldering 
Purposes: 1/8" from Case for 

5 Seconds 

Tl 

275 

°c 


(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle ^ 10%. 


Designer's Data for "Worst Case" Conditions 

The Designer's Data Sheet permits the design of most circuits entirely from the infor- 
mation presented. Limit data — representing device characteristics boundaries — are 
given to facilitate "worst case" design. 


IVIJE16002 

MJE16004 

MJH16002 

MJH16004 


5.0 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
80 and 100 WATTS 


MJE16002 



MJH16002 

MJH16004 



CASE 340-01 
TO-218AC 



STYLE 1: 

1. BASE 

2. COLLECTOR 
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MJE16002. MJE16004, MJH16002, MJH16004 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic [ Symbol [ Min j Typ | Max j Unit 


OFF CHARACTERISTICS (1 ) 


Collector-Emitter Sustaining Voltage (Table 2) 

(IC= 100 mA, Ib = 0) 

VcEO(sus) 

450 

— 

— 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(VcEV = 850 Vdc, VBE(off) = 1 -5 Vdc) 


— 

— 

0.25 


(VcEV = 850 Vdc, VBE(off) = 1 5 Vdc, Tq = lOO^C) 


— 

— 

1.5 


Collector Cutoff Current 

•CER 

— 

_ 

2.5 

mAdc 

(VcE = 850 Vdc. Rbe = 50 n, Tc = 1 00«C) 






Emitter Cutoff Current 

•ebo 

— 

— 

1.0 

mAdc 

(Veb = 6.0 Vdc, Ic = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 


See Figure 17 or 18 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 


See Figure 19 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 


VCE(sat) 




Vdc 

dC = 1 .5 Adc, Ib = 0.2 Adc) 

MJE16002/MJH16002 


— 

— 

1.0 


(IC= 1.5 Adc, Ib = 0.15 Adc) 

MJE16004/MJH16004 


— 

— 

1.0 


(IC= 3.0 Adc, Ib = 0.4 Adc) 

MJE16002/MJH 16002 


— 

— 

2.5 


(Ic = 3.0 Adc, Ib = 0.3 Adc) 

MJE16004/MJH 16004 


— 

— 

2.5 


dC = 3.0 Adc, Ib = 0.4 Adc, 







Tc= 100^0 

M J E 1 6002 / MJ H 1 6002 


— 

— 

2.5 


(IC=3.0Adc, Ib = 0.3 Adc, 







Tc= 100°C) 

MJ El 6004/MJH 16004 


— 

— 

2.5 


Base-Emitter Saturation Voltage 


VBE(sat) 




Vdc 

dC = 3.0 Adc, Ib = 0.4 Adc) 

MJE16002/MJH 16002 


— 

— 

1.5 


dC = 3.0 Adc, Ib = 0.3 Adc) 

MJE1 6004/MJH 16004 


— 

— 

1.5 


(IC = 3.0Adc, Ib = 0.4 Adc, 







Tc= 100°C) 

MJE16002/MJH16002 


— 

— 

1.5 


dC = 3.0 Adc, Ib = 0.3 Adc, 







Tc= 100°C) 

MJE1 6004/MJH 16004 


— 

— 

1.5 


DC Current Gain 


hFE 




— 

(IC = 5.0 Adc, VcE = 5.0Vdc) 

MJE16002/MJH16002 


5.0 

— 

— 



MJE16004/MJH16004 


7.0 

— 

- 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

_ 

— 

200 

pF 

(VcB = 10 Vdc, lE = 0, ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) MJE16002/MJH16002 | 

Delay Time 

dC = 3.0 Adc, 

Vcc = 250 Vdc, 

*B1 ” C ^ 

PW = 30 MS, 

Duty Cycle ^2.0%) 

(IB2 = 0.8 Adc, 

RB2 = 8.0n) 

td 

— 

30 

100 

ns 

Rise Time 

tr 

— 

100 

300 

Storage Time 

ts 

— 

1000 

3000 

Fall Time 

tf 

— ' 

60 

300 

Storage Time 

(VBE(off) = 5.0Vdc) 

Is 

— 

400 

— 

Fall Time 

tf 

- 

130 

- 

Resistive Load (Table 1 ) MJE1 6004/ MJ HI 6004 | 

Delay Time 

dC = 3.0 Adc, 

Vcc = 250 Vdc, 

Ibi = 0.3 Adc, 

PW = 30 MS, 

Duty Cycle ^2.0%) 

(IB2 “ 0.6 Adc, 

RB2 = 8.0 n) 

td 

— 

30 

100 

ns 

Rise Time 

tr 

— 

130 

300 

Storage Time 

ts 

— 

800 

2700 

Fall Time 

tf 

— 

80 

350 

Storage Time 

(VBE(off)=5.0Vdc) 

ts 

— 

250 

— 

Fall Time 

tf 

— 

60 

— 


(1 ) Pulse Test: PW - 300 ms. Duty Cycle ^2%. 
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VcE, COLLECTOR-EMIHER VOLTAGE (VOLTS) ^ hpE, DC CURRENT GAIN 


MJE16002, MJE16004, MJH16002, MJH16004 


SWITCHING CHARACTERISTICS (continued) 


Characteristics | Symbol j Min 

Typ 1 Max | Unit 

inductive Load (Table 2) MJE16002/MJH16002 | 

Storage Time 

(IC = 3.0 Adc, 

IBI = 0.4 Adc, 

VBE(off) = 5.0 Vdc, 
VcE(pk) = 400Vdc) 

(Tj=100<’C) 

tsv 

— 

500 

1600 

ns 

Fall Time 

tfi 

— 

100 

200 

Crossover Time 

*c 

— 

120 

250 

Storage Time 

(Tj=150°C) 

tsv 

— 

600 

— 

Fall Time 

tfi 

— 

120 

— 

Crossover Time 

tc 

- 

160 

- 

Inductive Load (Table 2) MJE16004/MJH16004 | 

Storage Time 

dC = 3.0 Adc, 

Ibi = 0.3 Adc, 
VBE(off)= 5.0 Vdc, 
VcE(pk) = 400 Vdc) 

(Tj=100°C) 

tsv 

— 

400 

1300 

ns 

Fall Time 

tfi 

— 

80 

150 

Crossover Time 

tc 

— 

90 

200 

Storage Time 

(Tj= 150^0 

tsv 

— 

450 

— 

Fall Time 

tfi 

— ' 

100 

— 

Crossover Time 

tc 

- 

110 

- 


(1 ) Pulse Test; PW - 300 ns. Duty Cycle ^2%. 
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FIGURE 4 - BASE-EMITTER VOLTAGE 
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CROSSOVER TIME (ns) 


MJE16002, MJE16004, MJH1 6002/ MJH1 6004 


TYPICAL DYNAMIC CHARACTERISTICS (continued) 


FIGURE 1 1 - CROSSOVER TIME FIGURE 1 2 - CROSSOVER TIME 



IC. COUECTOR CURRENT (AMPS) Iq. COLLECTOR CURRENT (AMPS) 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 13 — INDUCTIVE SWITCHING MEASUREMENTS FIGURE 14 — PEAK REVERSE BASE CURRENT 
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MJE16002, MJE16004, MJH16002. MJH16004 


TYPICAL ELECTRICAL CHARACTERISTICS (continued) 



t. TIME Ims) 


SAFE OPERATING AREA INFORMATION 


FIGURE 17 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA (MJE1 6002 and MJE1 6004) 



VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 18 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA (MJH16002 and MJH16004) 



FIGURE 19 - MAXIMUM RATED REVERSE BIAS 
SAFE OPERATING AREA 



VCElpk)- peak COLLECTOR-EMIHER voltage (VOLTS) 



Tc, CASE TEMPERATURE (OC) 
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MJE16002. MJE16004, MJH16002, MJH16004 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq — Vq^ 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 1 7 and 1 8 are based on Tq = 25°C; 
Tj(pk) is variable depending on power level. Second 
breakdown pulse limits are valid for duty cycles to 10% 
but must be derated when T^^ 25°C. Second breakdown 
limitations do not derate the same as thermal limitations. 
Allowable current at the voltages shown on Figures 1 7 
and 1 8 may be found at any case temperature by using 
the appropriate curve on Figure 20. 

Tj(pk) may be calculated from the data in Figures 1 5 or 
16. At high case temperatures, thermal limitations will 


reduce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneous! during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage-cur- 
rent condition allowable putting reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
1 9 gives the RBSOA characteristics. 
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MJE16002, MJE16004, MJH16002, MJH16004 


TABLE 2 - INDUCTIVE LOAD SWITCHING 



Vcc = 20 Volts Vcc = 20 Volts VqC = 20 Volts 

R0^ selected for desired Ig^ Rg^ selected for desired Ig^ 


Tektronix Scope - Tektronix 

P-6042 or 7403 or 

Equivalent Equivalent Note: Adjust -V to obtain desired Vg£(off) at Point A. 


tsv 


TYPICAL INDUCTIVE SWITCHING WAVEFORMS 

ffi' fc 



•C(pk)= 3,0 Amps 
Ig1 = 0.3 Amp 
VBE(off)= 5.0 Volts 
VcE(pk) = 300 Volts 
Tc= 25°C 
Time Base = 

20 ns/cm 

•C(pk) = 3.0 Amps 
Igl = 0.3 Amp 
VBE{off) = 5.0 Volts 
VcE(pk) = 300 Volts 
Tc= 25°C 
Time Base = 

20 ns/cm 





3 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Designer's Data Sheet 

IMPN Silicon Power Transistors 

Switchmode ill Series 

These transistors are designed for high-voltage, high-speed, power switching in induc- 
tive circuits where fall time is critical. They are particularly suited for line-operated 
switchmode applications. 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

• Fast Turn-Off Times 

150 ns Inductive Fall Time: 25°C (Typ) 

150 ns Inductive Crossover Time: 25°C (Typ) 

500 ns Inductive Storage Time: 25°C (Typ) 

• Operating Temperature Range: -65 to -i-150°C 

• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Tirnes with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


MJE16032 

MJE16034 

MJH16032 
MJH 16034 


POWER TRANSISTORS 
3 AMPERES 
750 and 850 VOLTS 
80 and 125 WATTS 



Rating 

Symbol 

MJE16032 
MJH 16032 

MJE16034 

MJH16034 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

750 

850 

Vdc 

Collector-Emitter Voltage 

VCEV 

1500 

Vdc 

Emitter Base Voltage 

Veb 

9 

Vdc 

Collector Current — Continuous 

•c 

3 

Adc 

— Peakd) 

'cm 

6 


Base Current — Continuous 

Ib 

2 

Adc 

— Peakd) 

IBM 

4 


Operating and Storage Junction Temperature Range 

Tj/ Tstg 

- 65 to -1-150 

°C 



MJE16032 

MJH16032 




MJE16034 

MJH16034 


Total Power Dissipation ^ Tc = -l- 25°C 

Pd 

80 

125 

Watts 

(a>Tc=+100X 


32 

50 


Derate above 25°C 


0.64 

1 

W/°C 


D6signer's Data for "Worst Case" Conditions 

The Designer’s Data Sheet permits the design of most circuits entirely from the infor- 
mation presented. Limit data — representing device characteristics boundaries — are 
given to facilitate "worst case" design. 
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MJE16032, MJE16034, MJH16032, MJH16034 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.56 1 1 

X/W 

Maximum Lead Temperature for Soldering 

Purposes: 1/8" from Case for 5 Seconds 

Tl 

275 

°c 


(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle ^ 10%. 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol | Min | Typ | Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(Table 2) MJE16032, MJH16032 

dC = 100 mA, Ib = 0) MJE16034, MJH16034 

VcEO(sus) 

750 

850 

= 

- 

Vdc 

Collector Cutoff Current 
(VcEV = Rated Value, VBE(off) 

(VcEV "= Rated Value, VBE(off) Vdc, Tc = 100°C) 

ICEV 

- 

0.005 

0.020 

0.25 

2.5 

mAdc 

Collector Cutoff Current 
(VcE = Rated VqeV' RrE = 50 il, Tq = 100X) 

'CER 

— 

0.020 

2.5 

mAdc 

Emitter Cutoff Current 
(Veb = 9 Vdc, Ic = 0) 

'ebo 

— 

0.002 

0.25 

mAdc 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 

'S/b 

See Figure 15 

Clamped Inductive SOA with Base Reverse Biased 

rbsoa 

See Figure 17 


ON CHARACTERISTICS^) 


DC Current Gain (Vqe = 5 Vdc) Ic == 0-5 Adc 

hFE 

10 

15 

— 

— 

Ic = 3 Adc 


4 

7 

— 

— 

Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

dC = 1 Adc, Ib = 0.33 Adc) 


— 

0.15 

1 


dC = 3 Adc, Ib = 1 Adc) 


— 

1 

2.5 


dC = 1 Adc, Ib = 0.33 Adc, Tc = 100X) 


— 

0.5 

1.5 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 1 Adc, Ib = 0.33 Adc) 


— 

0.8 

1.5 


dC = 1 Adc, Ib = 0.33 Adc, Tc = 100°C) 


— 

0.7 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

^ob 

— 

80 

— 

pF 

(VcB = 10 Vdc, Ie = 0, ftest = 1 MHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

(Vcc = 400 Vdc, Ic = 2 A 

Ibi = 333 mA, VBE(off) = 5 Vdc, 
tp = 50 fjLS, Duty Cycle ^ 2%) 

td 

- 

0.06 

0.2 

MS 

Rise Time 

tr 

- 

0.15 

1 

fJiS 

Storage Time 

ts 

- 

1.5 

2 

MS 

Fall Time 

tf 

- 

0.15 

1.5 

MS 

Inductive Load, Clamped (Table 2) | 

Storage Time 

dC = 2 A, Vciamp = 400 Vdc, 
VBE(off) = 5 Vdc, 

Ibi =333 mA) 

Tc = lOOX 

tsv 

- 

0.5 

1.5 

MS 

Crossover Time 

tc 


0.2 

1 

MS 

Storage Time 

Tc = 25X 

tsv 


0.5 

- 

MS 

Crossover Time 

tc 

- 

0.15 

- 

MS 

Fall Time 

tfi 

- 

0.15 

- 

MS 


(1) Pulse Test; PW = 300 /xs. Duty Cycle « 2%. 
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Figure 6. Capacitance Variation 







MJE16032, MJE16034, MJH16032, MJH16034 


TYPICAL DYNAMIC CHARACTERISTICS 


2 


1 
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Figure 7. Resistive Turn-On Time 




Figure 9. Inductive Storage Time 
Tj = 25»C 



Figure 10. Inductive Storage Time 
Tj = 100X 
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Figure 12. Inductive Crossover Time 
Tj = 100X 
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MJE16032, MJE16034, MJH16032, MJH16034 


SAFE OPERATING 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor; average junction temperature and second 
breakdown. Safe operating area curves indicate l^ — V qe 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 15 is based on Tq = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 5 may be found 
at any case temperature by using the appropriate curve 
on Figure 17. 

Tj(pk) may be calculated from the data in Figure 18. 
At high case temperatures, thermal limitations will re- 


AREA INFORMATION 

duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 16 gives the RBSOA characteristics. 




Note: Adjust -V to obtain desired VBE(off) at point A. 
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MJE16032, MJE16034, MJH16032, MJH16034 


Table 2. Inductive Load Switching 



3 


V(BR)CEO 

L = 10 mH 

RB2 = 

Vcc = 20 Volts 

^Tektronix 

AM503 

P6302 or Equivalent 


Inductive Switching 

L = 200 /xH 

RB2 = 0 

Vcc = 20 Volts 

Rbi selected for desired Ibi 

Scope — Tektronix 
7403 or 
Equivalent 


RBSOA 

L = 200 /iH 

RB2 = 0 

Vcc = 20 Volts 

Rbi selected for desired Ibi 

Note: Adjust -V to obtain desired VBE(off) Point A, 
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MJE16032, MJE16034, MJH16032, MJH16034 


OUTLINE DIMENSIONS 




NOTES; 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M. 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


STYLE 1; 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


DM 

MUM 

ETERS 

WQ 


MN 

MAX 

MN 

MAX 

n 

14.48 

15.75 

0.570 

0.620 

n 

9.66 

10.28 

0.380 

0.405 

mm 

4.07 

4.82 

0.160 

0.190 

_DJ 

0.64 

0.88 

0.025 

0.035 

F 

3.61 


0.142 

0.147 

mm 

2.42 

2.66 

0.095 

0.105 

n 

2.80 

3.93 

0.110 

0.155 

j 

0.46 

0.71 

0.018 

0.028 

K 

12.70 

14.27 

0.500 

0.562 

_ L 

1.15 

1.39 

0.045 

0.055 

n 

■ 

5.33 

0.190 

0.210 

mm 


3.04 

0.100 

0.120 

mm 

2.04 

2.79 

0.080 

0.110 

mm 

1.15 

1.39 

0.045 

0.055 

n 

5.97 

6.47 

0.235 

0.255 

mm 

0.00 

1.27 

0.000 

0.050 

mm 

1.15 


0.045 

— 

2 

— 

2.04 1 

- 

0.080 



OHM 

MILUN 

ETERS 

■KS 


MIN 

MAX 

MIN 


A 

20.32 

21.08 

0.800 

■m: 

B 

15.49 

15.90 

0.610 

wmm 

C 

4.19 

5.08 



0 

1.02 

1.65 

0.040 

0.065 

E 

1.35 

1.65 

0.053 

0.065 

G 

5.21 

5.72 

0.205 

0.225 

H 

2.41 

3.20 

0.095 

0.126 

J 

0.38 

0.64 



K 

12.70 

15.49 

0.500 

0.610 

L 

15.88 

16.51 


0.650 

N ! 

12.19 

12.70 


0.500 

0 

4.04 1 4.22 

0.159 

0.166 


CASE 221A-04 
(TO*220AB) 


CASE 340-01 
(TO-218AC) 
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MOTOROLA 

■I SEMICONDUCTOR mmmmmmmmm 

TECHNICAL DATA 

Designer's Data Sheet 

NPN Silicon Power Transistors 

Switchmode III Series 

These transistors are designed for high-voltage, high-speed, power switching in 
inductive circuits where fall time is critical. They are particularly suited for line- 
operated switchmode applications. 

Typical Applications: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

• Fast Turn-Off Times 

10 ns Inductive Fall Time -100°C (Typ) 

80 ns Inductive Crossover Time -100°C (Typ) 

900 ns Inductive Storage Time -100°C (Typ) 

• Operating Temperature Range -65 to -f 150°C 

• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MJE16080 

MJE16081 


POWER TRANSISTORS 
8 AMPERES 
400 and 450 VOLTS 
80 WATTS 



MAXIMUM RATINGS 


Rating 

Symbol 

IVIJE16080 

MJE16081 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

400 

450 

Vdc 

Collector-Emitter Voltage 

VCEV 

800 

850 

Vdc 

Emitter Base Voltage 

Veb 

9 

Vdc 

Collector Current — Continuous 

•c 

8 

Adc 

Peak(1) 

'CM 

16 


Base Current — Continuous 

•b 



Adc 

Peakd) 

>BM 

8 


Total Power Dissipation @ Tq = 25°C 

Pd 

80 

Watts 

(a Tc = 100°C 


32 


Derate above 25°C 


0.64 

W/°C 

Operating and Storage Junction Temperature Range 

Tj, Tstg 

-65 to 150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.56 

°C/W 

Maximum Lead Temperature for Soldering 

Purposes: 1/8” from Case for 5 Seconds 

Tl 

275 

°c 


(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle ^ 10%. 


Designer's Data for "Worst Case " Conditions 

The Designer's Data Sheet permits the design of most circuits entirely from the infor- 
mation presented. Limit data — representing device characteristics boundaries — are 
given to facilitate "worst case" design. 
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MJE16080, MJE16081 


ELECTRICAL CHARACTERISTICS (Tq = 

25°C unless otherwise noted) 





Characteristic 

1 Symbol | 

Min 

Typ 

Max 

Unit 1 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) MJE16080 

dC = 100 mA, Ib = 0) MJE16081 

VCEO{sus) 

400 

450 

— 

— 

Vdc 

Collector Cutoff Current 

(VcEV = Rated Value, VBE(off) 1.5 Vdc) 

(VcEV = Rated Value, VBE(off) = 1.5 Vdc, Tq = 100°C) 

ICEV 


0.020 

0.25 

2.5 

mAdc 

Emitter Cutoff Current 
(Veb = 9 Vdc, Ic = 0) 

•ebo 

— 

0.05 

50 

ixAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

IS/b 

See Figure 13 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 14 


ON CHARACTERISTICS^) 


DC Current Gain (Vqe = 5 Vdc) Ic = 1.0 Adc 

hFE 

15 

25 

_ 

— 

Ic = 8 Adc 


5 

10 

. j 

— 

Collector-Emitter Saturation Voltage 

VCEisat) 




Vdc 

dc = 2 Adc, Ib = 0.25 Adc) 


— 

0.2 

0.5 


dC = 5 Adc, Ib = 0.625 Adc) 


— 

0.4 

1.2 


dc = 8 Adc, Ib = 1.6 Adc) 


— . 

0.6 

1.5 j 


dc = 5 Adc, Ib = 0.625 Adc, Tc = 100X) 


— 

0.5 

1.5 


Base-Emitter Saturation Voltage 

VBEIsat) 




Vdc 

dc = 2 Adc, Ib = 0.25 Adc) 


— 

0.9 1 

1.2 


dc = 5 Adc, Ib = 0.625 Adc) 


— 

1 1 

1.5 


dc = 5 Adc, Ib = 0.625 Adc, Tc = 100T) 


— 

1 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 

120 

— 

PF 

(VcB = 10 Vdc, lE = 0,ftest = 1 MHz) 



1 

1 



SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

(Vcc = 125 Vdc, Ic = 5 A 

Ibi = Ib2 = 0.625 Adc 
tp = 25 /US, Duty Cycle ^ 2%) 

td 

— 

0.07 

0.15 

fXS 

Rise Time 

tr 

- 

0.03 

0.08 

/us 

Storage Time 

Is 

— 

0.5 

2 

fMS 

Fall Time 

tf 

- 

0.2 

0.5 

/XS 

Inductive Load, Clamped (Table 2) | 

Storage Time 

dc = 5 A, Vciamp = 350 Vdc, 

VBE(off) = 5 Vdc, Ibi = 0.625 Adc) 

Tc = 100°C 

tsv 


0.90 

2 


Crossover Time 

Storage Time 

Crossover Time 

Ic 

- 

0.08 

0.20 

lus 

Fall Time 

tfi 

- 

0.01 

0.10 

fXS 


(1) Pulse Test: PW = 300 fis, Duty Cycle « 2%. 
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MJE16080, MJE16081 


TYPICAL DYNAMIC CHARACTERISTICS 


Tj = 25X 


Tj = 100X 












MJE16080, MJE16081 


GUARANTEED SAFE OPERATING AREA LIMITS 




Figure 13. Maximum Rated Figure 14. Maximum Rated 

Forward Bias Safe Operating Area Reverse Bias Safe Operating Area 



Figure 15. Typical Thermal Response 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate \q — Vqe 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 13 is based on Tq = 25X; Tjipk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 3 may be found 
at any case temperature by using the appropriate curve 
on Figure 16. 

Tj(pk) may be calculated from the data In Figure 15. 
At high case temperatures, thermal limitations will re- 


duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off. In most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating Is verified under clamped conditions so 
that the device Is never subjected to an avalanche mode. 
Figure 14 gives the RBSOA characteristics. 
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POWER DERATING FACTOR 


MJE16080, MJE16081 



Tc, CASE TEMPERATURE (°Cl 



TIME 


Figure 16. Power Derating 


Figure 17. Inductive Switching Measurements 


Table 


tf\ and t|- 




Vcc = 125 Vdc 
Rl = 25 a 
IC = 5 Adc 
Ib = 0.625 Adc 


•Tektronix AM503 
P6302 or Equivalent 


Resistive Load Switching 



Vcc = 125 IbI = 0.625 Adc, Rgi = 18 a 

Rl = 25 ft IB2 = 0-625 Adc, Rb 2 = 8 ft 

IC = 5 Adc For VBE(off) = 5 V Rb2 = 0 ft 

Note: Adjust -V to obtain desired VBE{off) point A. 
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MJE16080, MJE16081 


Table 2. Inductive Load Switching 



•Tektronix 
P-6042 or 
Equivalent 


Scope — Tektronix 
7403 or 
Equivalent 


Note: Adjust -V to obtain desired VgEjoff) 3^ A. 



CASE 221A-04 
{TO-220AB) 


STYLE 1: 

PINT BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


DM 

MLIJN 

lETERS 

mo 

HES 


MAX 

MM 

MAX 

A 

14.48 

15.75 

0.570 

0.620 

B 

9.66 

10.28 

0.380 

0.405 

C 

4.07 

4.82 

0.160 

0.190 

D 

0.64 

0.88 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

G 

2.42 

2,66 

0,096 

0.106 

H 

2.80 

3.93 

0.110 

0.155 


0.46 

0.71 

0.018 

0.028 

K 

12.70 

14.27 

0.500 

0.562 

1 

1,15 

1.39 

0.045 

0.065 

|i| 

4.93 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 


2.04 

2.79 

0.060 

0.110 


1.15 

1.39 

0.045 

0.055 

”7" 

5.97 

6.47 

0.235 

0.255 


0.00 

1.27 

0.000 

0.050 


1.15 

— 

0.045 


z 


2.04 

— 

0.060 
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MOTOROLA 

■I SEMICONDUCTOR 

TECHNICAL DATA 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switch 
ing motor control applications. 

• Similar to the Popular NPN 2N6282, 2N6283, 2N6284 and the 
PNP 2N6285, 2N6286, 2N6287 

• Rugged RBSOA Characteristics 

• Monolithic Construction with Built-In Collector-Emitter Diode 


MAXIMUM RATINGS 


Rating 

— 

Symbol 

MJH6282 

MJH6285 

MJH6283 

MJH6286 

MJH6284 

MJH6287 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

100 

Vdc 

Collector-Base Voltage 

VCB 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 
Peak 

•c 

20 

40 

Adc 

Base Current 

•b 

0.5 

Adc 

Total Device Dissipation (S 

Tc = 25°C 

Derate above 25°C 

Pd 

160 

1.28 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj.Tstg 

-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

0.78 

°C/W 



NPN 

PNP 

IVUH6282 

MJH6285 

MJH6283 

MJH6286 

MJH6284 

MJH6287 


DARLINGTON 
20 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60, 80, 100 VOLTS 
160 WATTS 




STYLE 1; 

PIN 1. BASE 

2. COLLECTOR 

3. EMIHER 

4. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

20.32 

21.08 

0.800 

0.830 

B 

15.49 

15.90 

0.610 

0.626 

C 

4.19 

5.08 

0.165 

0.200 

D 

1.02 

1.65 

0.040 

0.065 

E 

1.35 

1.65 

0.053 

0.065 

G 

5.21 

5.72 

0.205 

0.225 

H 

2.41 

3.20 

0.095 

0.126 

J 

0.38 

0.64 

0.015 

0.025 

K 

12.70 

15.49 

0.500 

0.610 

L 

15.88 

16.51 

0.625 

0.650 

N 

12.19 

12.70 

0.480 

0.500 

Q 

4.04 

4.22 

0.159 

0.166 


CASE 340-01 
TO-218AC 


3 
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MJH6282, MJH6283, MJH6284 NPN 
MJH6285, MJH6286, MJH6287 PNP 


ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted) 

Chracteristic | Symbol | Min | Max ] Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
dC = 0.1. Adc, Ib = 0) 

MJH6282, MJH6285 
MJH6283, MJH6286 
MJH6284, MJH6287 

VCEO(sus) 

60 

80 

100 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(VcE = 30 Vdc, Ib = 0) 

MJH6282, MJH6285 


— 

1.0 


(VcE = 40 Vdc, Ib = 0) 

MJH6283, MJH6286 


— 

1.0 


(VcE = 50 Vdc, Ib = 0) 

MJH6284, MJH6287 


_ 

1.0 


Collector Cutoff Current 


ICEX 



mAdc 

(VcE = Rated VcB/ VBE(off) = ‘■ •5 Vdc) 



_ 

0.5 


(VcE = Rated VcB* VBE(off) = Vdc, Tq = 

150X) 


— 

5.0 


Emitter Cutoff Current 


'EBO 

— 

2.0 

mAdc 

(Vbe = 5.0 Vdc, Ic = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 
dC = 10 Adc, VcE = 3.0 Vdc) 
dC = 20 Adc, VcE = 3.0 Vdc) 

hpE 

750 

100 

18,000 

— 

Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

dC = 10 Adc, Ib = 40 mAdc) 


— 

2.0 


dC = 20 Adc, Ib = 200 mAdc) 


— 

3.0 


Base-Emitter On Voltage 

VBE(on) 

— 

2.8 

Vdc 

dC = 10 Adc, VcE = 3.0 Vdc) 





Base-Emitter Saturation Voltage 

VBE(sat) 

— 

4.0 

Vdc 

dC = 20 Adc, Ib = 200 mAdc) 






DYNAMIC CHARACTERISTICS 


Magnitude of Common Emitter Small-Signal Short-Circuit 

Forward Current Transfer Ratio 
dc = 10 Adc, VcE = 3.0 Vdc, f = 1.0 MHz) 

Ihfel 

4.0 

— 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) MJH6282, 83, 84 

MJH6285, 86, 87 

Cob 

- 

400 

600 

pF 

Small-Signal Current Gain 
dc = 10 Adc, VcE = 3.0 Vdc, f = 1.0 kHz) 

hfe 

300 


— 

SWITCHING CHARACTERISTICS 

Resistive Load 

Symbol 

Typical 

Unit 

flS 

NPN 

PNP 

Delay Time 

Vcc = 30 Vdc, Ic = 10 Adc 

Ibi = Ib 2 = 100 mA 

Duty Cycle = 1 .0% 

td 

0.1 

0.1 

Rise Time 

tr 

0.3 

0.3 

Storage Time 

Is 

1.0 

1.0 

Fall Time 

tf 

3.5 

2.0 


(1) Pulse test: Pulse Width = 300 ixs, Duty Cycle = 2.0%. 


FIGURE 2 — SWITCHING TIMES TEST CIRCUIT 

Vcc 

RB & Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS - 30 V 



For NPN test circuit reverse diode and voltage polarities. 


FIGURE 3 — DARLINGTON SCHEMATIC 

NPN PNP 

MJH6282 MJH6285 



3-1114 





MJH6282, MJH6283, MJH6284 NPN 
MJH6285, MJH6286, MJH6287 PNP 


FIGURE 4 — THERMAL RESPONSE 



FBSOA, FORWARD BIAS SAFE OPERATING AREA 


FIGURE 5 — MJH6282, MJH6285 


FIGURE 6 — MJH6283, MJH6286 


FIGURE 7 — MJH6284, MJH6287 



' 2.0 5.0 10 20 50 100 




VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 8 — MAXIMUM RBSOA, REVERSE BIAS 
SAFE OPERATING AREA 



VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FORWARD BIAS 

There are two limitations on the power handling abil- 
ity of a transistor: average junction temperature and 
second breakdown. Safe operating area curves indicate 
Iq Vqe limits of the transistor that must be observed 
for reliable operation; i.e., the transistor must not be 
subjected to greater dissipation than the curves indi- 
cate. 

The data of Figure 5, 6 and 7 is based on Tj(pk) = 
150°C; Tc is variable depending on conditions. Second 
breakdown pulse limits are valid for duty cycles to 10% 
provided Tj(pk) 150°C. Tj(p|() may be calculated from 
the data in Figure 4. At high case temperatures, thermal 
limitations will reduce the power that can be handled 
to values less than the limitations imposed by second 
breakdown. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


COMPLEMENTARY DARLINGTON 
SILICON POWER TRANSISTORS 

. . . designed for use as general purpose amplifiers, low frequency 
switching and motor control applications. 

• High DC Current Gain @ 10 Adc — hpg = 400 Min (All Types) 

• Collector-Emitter Sustaining Voltage 

VcEO(sus)= 150 Vdc (Min) — MJH11018, 17 
= 200 Vdc (Min) — MJH1 1020, 19 
= 250 Vdc (Min) — MJH1 1022, 21 

• Low Collector-Emitter Saturation Voltage 

VcE(sat)=1-2V(Typ)@lc-5.0A 
= 1.8 V(Typ) (g) lc= 10 A 

• Monolithic Construction 


MAXIMUM RATINGS 


Rating 

Symbol 

MJH 

Unit 

11018 

11017 

11020 

11019 

11022 

11021 

Collector-Emitter Voltage 

VCEO 

150 

200 

250 

Vdc 

Collector-Base Voltage 

VCB 

150 

200 

250 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 
— Peak (1) 

'c 

15 

30 

Adc 

Base Current 

'b 

0.5 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate Above 25°C 

Pd 

150 

1.2 

Watts 

w/°c 

Operating and Storage Junction 
Temperature Range 

^J' ^stg 

-65 to +150 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 


0.83 

°C/\N 


(1) Pulse Test: Pulse Width = 5.0 ms, Duty Cycle 10%. 




PNP 

NPN 

MJH11017 

MJH11018 

MJH11019 

MJH11020 

MJH11021 

MJH11022 


15 AMPERE 

DARLINGTON 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 

150, 200, 250 VOLTS 
150 WATTS 




STYLE 1; 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


1 MILLIMETERS I INCHES I 
DIM MIN 1 MAX MIN 1 MAX 

A 

20.32 

21.08 

0.800 

0.830 

B 

15.49 

15.90 

0.610 

0.626 

C 

4.19 

5.08 

0.165 

0.200 

D 

1.02 

1.65 

0.040 

0.065 

E 

1.35 

1.65 

0.053 

0.065 

G 

5.21 

5.72 

0.205 

0.225 

H 

2.41 

3.20 

0.095 ^ 

0.126 

J 

0.38 

0.64 

0.015 

0.025 


12.70 

15.49 

0.500 

0.610 

~ir 

15.88 . 

16.51 

0.625 

0.650 

N 

12.19 

12.70 

0.480 

0.500 

Q 

4.04 

4.22 

0.159 

0.166 


CASE 340-01 
{TO-218AC) 
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MJH11017, MJH1 1019, MJH1 1021 PNP 
MJH11018, MJH11020, MJH11022 NPN 


ELECTRICAL CHARACTERISTICS (Tc = 25°C Unless Otherwise Noted) 


1 

Characteristics 

1 Symbol j 

Min 

1 Max 

1 Unit 1 

OFF CHARACTERISTICS 







Collector-Emitter Sustaining Voltage (1) 

(IC = 0.1 Adc, Ib = 0) 

MJH11017, MJH11018 
MJH11019, MJH11020 
MJH11021, MJH11022 

VCEO(sus) 

150 

200 

250 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(^CE - 75 Vdc, Ib = 0) 

MJH11017, MJH11018 


— 

1.0 


(VcE = 100 Vdc, Ib = 0) 

MJH11019, MJH11020 


— 

1.0 


(VcE = 125 Vdc, Ib = 0) 

MJH1 1021, MJH1 1022 


- 

1.0 


Collector Cutoff Current 


>CEV 



mAdc 

(VcE = Rated Vcb- VBE(off) = 15 Vdc) 



_ 

0.5 


(VcE = Rated VcB. VBE(off) = 1 5 Vdc, Tj - 1 50°C) 



- 

5.0 


Emitter Cutoff Current 


Iebo 


2.0 

mAdc 

(Vbe = 5.0 Vdc, Ic = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 
(Ic = 10 Adc, VcE = 5.0 Vdc) 

(Ic = 15 Adc, VcE = 5.0 Vdc) 

hFE 

400 

100 

15,000 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dC = 10 Adc, Ib = 100 mA) 


— 

2.5 


(Ic = 15 Adc, Ib = 150 mA) 


- 

4.0 


Base-Emitter On Voltage 

VBE(on) 

- 

2.8 

Vdc 

dC = 10 A, VcE = 5.0 Vdc) 





Base-Emitter Saturation Voltage 

VBE(sat) ' 

— 1 

3.8 

Vdc 

(Ic = 15 Adc, Ib = 150 mA) 






DYNAMIC CHARACTERISTICS 


Magnitude of Common Emitter Small-Signal Short Circuit 

Forward Current Transfer Ratio 

dC = 10 Adc, VcE = 3.0 Vdc, f = 1.0 MHz) 

[hfel 

3.0 



Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) 

MJH1 1018, MJH1 1020, MJH1 1022 
MJH1 1017, MJH1 1019, MJH1 1021 

Oob 

- 

400 

600 

pF 

Small-Signal Current Gain 
(IC = 10 Adc, VcE = 3.0 Vdc, f = 1 .0 kHz) 

hfe 

100 

- 

- 


SWITCHING CHARACTERISTICS 


Characteristics 

Symbol 

Typical 

Unit 

NPN 

PNP 

Delay Time 

(Vcc = 100 V, Ic = 10 A, Ib = 100 mA 

VBE(off) = 5 0 V) (See Figure 2) 

td 

150 

75 

ns 

Rise Time 

tr 

1.2 

0.5 

fxS 

Storage Time 

Is 

4.4 

2.7 

MS 

Fall Time 

tf 

2.5 

2.5 

MS 


(1) Pulse Test Pulse Width ■ 300 /uS, Duty Cycle 2.0%. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


Rb & Rc varied to obtain desired current levels 
D-), must be fast recovery types, e.g.; 

MBD5300 used above Ib 100 mA 
MSD6100 used below Ib ^ 100 mA 


V2 

APPROX” 
+ 12 V 
0 - 
VI 

APPROX- 
-8,0 V 


tp tf % 10 ns 
Duty Cycle = 1.0% 





-25 pS 


For t(j and tp D-) is disconnected 
and V2 = 0 


For NPN test circuit, reverse diode and voltage polarities. 
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MJH11017, MJH11019, MJH11021 PNP 
MJH11018, MJH11020, MJH11022 NPN 



3-1121 



IVIJH13090 
MJH13091 
See Page 3-816 
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MJH16006A 
See Page 3-882 













MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MPS-UOl 

MPS-UOIA 


NPN SILICON ANNULAR TRANSISTORS 

. . , designed for complementary symmetry audio circuits to 10 
Watts output. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0-5 Vdc (Max) @ Iq = 10 Adc 

• Complements to PNP MPS-U51 and MPS-U51 A 

• Uniwatt Package for Excellent Thermal Properties - 

1.0 Watt @Ta = 250 c 


MAXIMUM RATINGS 

Rating 

Symbol 

MPS-UOl 

MPS-U01A 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

40 

Vdc 

Collector-Base Voltage 

VCB 

40 

50 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

•c 

2.0 

Adc 

Total Power Dissipation @ T/^ = 25°C 

Pd 


1.0 

Watt 

Derate above 25°C 



8.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 


10 

Watts 

Derate above 25°C 



80 

mW/°C 

Operating and Storage Junction 

Tj'Tstg 


-55 to-H50 

oc 

Temperature Range 






THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

f^dJC 

12.5 

oc/w 

Thermal Resistance, Junction to Ambient 

R^jaid 

125 

Oc/W 

(1) R0JA measured with the device soldered into a typical printed circuit board. 

Uniwatt packages can be To-5 lead formed by adding -5 to the device title and tab formed for 

flush mounting by adding -1 to the device title. 






NPN SILICON 
AUDIO TRANSISTORS 




(COLLECTOR CONNECTED TO TAB) 

NOTE; 

1. LEADS WITHIN 0.15 mm(0.006) TOTAL OF TRUE 
POSITION AT CASE, AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MILUM 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0,375 

B 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0,125 

0.131 

G 

2.54 BSC 

0.10C 

BSC 

H 

3.94 

4.19 

0,155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

11.63 

12.70 

0.458 

0.500 

L 

24.58 

25.53 

0.968 

1.005 

N 

5.08 BSC 

0.200 

IBSC 

Q 

2.39 

2.69 

0.094 

0.106 

R 

1.14 

1.40 

0.045 

0.055 
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Ic, COLLECTOR CURRENT (AMP) 


MPS-U01,MPS-U01A 


ELECTRICAL CHARACTERISTICS (Ta = 25?C unless otherwise noted) 

Characteristic j Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (H 


V(BR)CEO 



Vdc 

dC'^ 10 mAdc, Ig = 0) 

MPS-U01 


30 

- 



MPS'UOIA 


40 

- 


Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dc = lOOMAdc, Ie = 0) 

MPS-U01 

40 

- 



MPS'UOIA 


50 



Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

- 

Vdc 

(Ie = lOOMAdc, Ic = 0) 





Collector Cutoff Current 


•CBO 



juAdc 

(VcB " 30 Vdc, Ie = 0) 

MPS-U01 


- 

0.1 


(VcB = 40 Vdc, Ie = 0) 

MPS'UOIA 


- 

0.1 


Emitter Cutoff Current 

1 

•ebo 

‘ - 

0.1 

/iAdc 

(Vbe = 3.0 Vdc, Iq = 0) 







ON CHARACTERISTICSd) 


DC Current Gain 
dc = 10 mAdc, VcE " 1 0 Vdc) 
dc = 100 mAdc, VcE - 1-0 Vdc) 

dc = 10 Adc, VcE = 10 Vdc) j 

hpE 

55 

60 

50 

- 


Collector-Emitter Saturation Voltage ' 

dc = 1-0 Adc, Ig ^ 0.1 Adc) 

VcE(sat) 

- 

0.5 

Vdc 

Base-Emitter On Voltage 1 

dc = 1.0 Adc, VcE = 10 Vdc) i 

VBE(on) 

i 

- 

1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

dc = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

It 

50 

- 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

l^ob 


20 

pF 


(l)Pulse Test; Pulse Width <300 M®. Duty CYcle< 2.0%. 


FIGURE 1 - DC CURRENT GAIN 



10 20 50 100 200 500 1000 



10 20 30 50 100 200 300 500 1000 


Ic, COLLECTOR CURRENT (mA) 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 3 - DC SAFE OPERATING AREA 


There are two limitations on the power handling ability of a tran- 
sistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate lc~VcE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 3 is based on Tj(p(<) = 150°C; Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 


2.0 4.0 6.0 10 20 40 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


NPN SILICON ANNULAR 
AMPLIFIER TRANSISTOR 

. . . designed for general-purpose, high-voltage amplifier and 
driver applications. 

• High Power Dissipation - Pq = 10 W @ Tq = 25°C 

• Complement to PNP MPS-U52 



NPN SILICON 
AMPLIFIER TRANSISTOR 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

'^CEO 

40 

Vdc 

Collector- Base Voltage 

'^CB 

60 

Vdc 

Emitter-Base Voltage 

'^EB 

5.0 

Vdc 

Collector Current — Continuous 

^C 

800 

mAdc 

Total Power Dissipation @ = 25°C 


1 0 

Watt 

Derate above 25 “C 


8. 0 

mW/*C 

Total Power Dissipation® T^ = 2S°C 

^D 

10 

Watts 

Derate above 25“C 


80 

mW/°C 

Operating and Storage Junction 

^stg 

-55 to M50 

-c 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 


12,5 

°c/w 

Thermal Resistance, Junction to Ambient 


125 

c/w 


ELECTRICAL CHARACTERISTICS (T* = 25*C unless otherw 

Characteristic Symbol 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ij. = 1.0 mAdc, Ig = 0) 

V(BR)CEO 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I^ =100(iAdc, Ig = 0) 

V(BR)CB0 

60 

- 

Vdc 

Collector Cutoff Current 
(V^g = 40 Vdc, Ig = 0) 

^CBO 

- 

100 

nAdc 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


— 

r 

\ — 

. 1 


Q 


E B C 


-C 

1 2 3 


L 

— - 


1 

c 

- 

i 

^ STYLE : 

PINT 
-N 2. 

1: 

EMIHER 

BASE 




3. COLLECTOR 

(COLLECTOR CONNECTED TO TAB)' 


DC Current Gain 

= 10 mAdc, V^g = 10 Vdc) 

^FE 

50 



(I^ = 150 mAdc, V^g = 10 Vdc)' 


50 

300 


(1^ = 500 mAdc, V^.^ = 10 Vdc) 


30 

- 


Collector-Emitter Saturation Voltage 
(I^ = 150 mAdc, Ig = 15 mAdc) 

'^CE(sat) 

i 

0.4 

Vdc 

Base-Emitter Saturation Voltage 
(I^ = 150 mAdc, Ig = 15 mAdc) 

''BE{sat) 

- 

1.3 

Vdc 


1. LEADS WITHIN 0,15 mm(0,006) TOTAL OF TRUE 
POSITION AT CASE, AT MAXIMUM MATERIAL 
CONDITION. 


Current-Gain— Bandwidth Product 
(I^ = 20 mAdc, V^g = 20 Vdc, f = 100 MHz) 

^T 

100 

- 

MHz 

Output Capacitance 
(V^.g = 10 Vdc, Ig = 0, f = 100 kHz) 

^ob 

- 

20 

pF 



MILUMETERS 

INCHES 1 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

’•\.o0 

7.24 

0,260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0,021 

F 

3,18 

3.33 

0.125 

0.131 

G 

2.54 

BSC 

0.100 

BSC 

H 

3.94 

4,19 

0,155 

0,165 

J 

0.36 

0.41 

0.014 

0.016 

K 

11.63 

12.70 

0.458 

0.500 

L 

24.58 

25.53 

0.968 

1.005 

N 

5.08 

BSC 

0.200 

IBSC 

Q 

2,39 


0.094 

0.106 

R 

1,14 

1.40 

0.045 

0.055 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MPS-U03 

MPS-U04 


NPN SILICON ANNULAR 
HIGH VOLTAGE AMPLIFIER TRANSISTORS 


. . , designed for horizontal drive applications, high-voltage linear 
amplifiers, and high-voltage transistor regulators. 

• High Collector-Emitter Breakdown Voltage — 

V(bR)CEO “ ^80 Vdc (Min) @ Iq = ”1 mAdc — MPS-U04 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) ^ 0-5 Vdc (Max) @ Iq = 200 mAdc 

• High Power Dissipation — 

PD = 10 W @Tc = 250 c 


MAXIMUM RATINGS 

Rating 

Symbol 

MPS-U03 MPS-U04 

Unit 

Collector-Emitter Voltage 

VCEO 

120 180 

Vdc 

Collector-Base Voltage 

VCB 

120 180 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

5 

Vdc 

Collector Current 

'c 

1 

Adc 

Total Power Dissipation @ T/\ = 25°C 

Derate Above 25°C 

Pd 

1 

8 

Watts 

mW/°C 

Total Power Dissipation @ T^ = 25°C 

Derate Above 25°C 

Pd 

10 

80 

Watts 

mW/^C 

Operating and Storage Junction 

Temperature Range 

"Pj, Tstg 

-55 to +150 

°C 

Solder Temperature, 1/16” From Case 
for 10 Seconds 

- 

260 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

Rqja 

125 

°C/W 

Thermal Resistance, Junction to Case 

R^JC 

12.5 

®c7w 
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MPS-U03, MPS-U04 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


V(BR)CE0 



Vdc 

dc = 1 .0 mAdc, Ig = 0) 

MPS-U03 


120 

- 



MPS-U04 


180 

- 


Collector-Base Breakdown Voltage 


V(BR)CBO 




dc = 100 MAdc, Ig =0) 

MPS-U03 

120 

- 



MPS-U04 


180 

- 


Emitter-Base Breakdown Voltage 


V(BR)EB0 

5.0 

- 

Vdc 

(Ig = 100 MAdc, Ic =0) 





Collector Cutoff Current 


•CBO 

____ 



(VcB = 100 Vdc, Ig =0) 

MPS-U03 





(VcB = 150 Vdc, Ig =0) 

MPS-U04 

i 





ON CHARACTERISTICS (1) 


DC Current Gain 

dC = 10 mAdc, VcE = 10 Vdc) 

hpE 

40 

- 

- 

Collector-Emitter Saturation Voltage 
(Iq = 200 mAdc, Ig = 20 mAdc) 

VcE(sat) 


0.5 

Vdc 

Base-Emitter On Voltage 

dC = 200 mAdc, Vqe = 1 0 Vdc) 

VgE(on) 

■ 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

dc = 50 mAdc, VcE = 20 Vdc, f = 20 MHz) 

fT 

35 

- 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ig = 0, f = 100 kHz) 

Oob 

~ 

12 

pF 

Input Capacitance 

(Vgg = 0.5 Vdc, Ic = 0. f = 100 kHz) 

Cib 

~ 

110 

pF 


(1 ) Pulse Test: Pulse Width < 300 ms. Duty Cycle < 2.0%. 


TYPICAL CHARACTERISTICS 



IC. COLLECTOR CURRENT (mA) 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 

Vr, reverse voltage (VOLTS) 
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Ic, COLLECTOR CURRENT (mA) Vqe. COLLECTOR EMITTER VOLTAGE (VOLTS) hpE. DC CURRENT GAIN 


MPS-U03, MPS-U04 


TYPICAL CHARACTERISTICS (Continued) 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 

Ic, COLLECTOR CURRENT (mA) 


FIGURE 4 - "ON" VOLTAGE 



0.5 1.0 2.0 5.0 10 20 50 100 2 


Ic. COLLECTOR CURRENT (mA) 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


IB, BASE CURRENT (mA) 


FIGURE 6 - TEMPERATURE COEFFICIENTS 





0 10 20 30 40 50 _04 -0.2 0 +0.2 +0.4 

VcE, COLLECTOR EMITTER VOLTAGE (VOLTS) Vbe. BASE EMITTER VOLTAGE (VOLTS) 
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MPS-U03, MPS-U04 


TYPICAL CHARACTERISTICS (Continued) 

FIGURE 9 - THERMAL RESPONSE 



FIGURE 10 - ACTIVE REGION SAFE-OPERATING AREA 




o h — 













, 







— — I 



— 

3 


— 

“ 






— 

— 


— 



“inn 





— 



— 

- 

.1=^ 



— 




_ 

— 








— 

— 



— 








— 

- 




— 




























> 








, 




^ ' 

_2i 






T 



s 











-3 









■S 







__ 



>50 

C 












_ 

_ 




^ 



..i 

}on( 

lim 

ivy 

ire L 

imit 


nn 



z 

z 

I 

















Jecond Breakdown Limit 
Applies Below Rated Vrpn 





h 






, 

l) 


Xk 








.1 1.1 1 

1 




L. 







3 5 7 10 20 30 50 70 100 200 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability 
of a transistor; average junction temperature and second 
breakdown. Safe operating area curves indicate Ic-VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 10 is based on Tq = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tc ^ 25®C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 10 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 1 . 

Tj{pk) may be calculated from the data in Figure 9. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


FIGURE 11 - POWER DERATING 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MPS-U05 

MPS-uoe 


NPN SILICON ANNULAR 
AMPLIFIER TRANSISTORS 


. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 

• High Collector-Emitter Breakdown Voltage — 

V{BR)CEO = 60 Vdc (Min) @ Ic = 1-0 mAdc — MPS-U05 
80 Vdc (Min) @ Ic = 1.0 mAdc - MPS-U06 

• High Power Dissipation -Pd= 10W@Tc = 25°C 

• Complements to PNP MPS-U55 and MPS-U56 


MAXIMUM RATINGS 


Rating 

Symbol 

MPS-U05 

MPS-U06 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

■ Vdc 

Collector-Base Voltage 

VCB 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current - Continuous 

•c 

2.0 

Adc 

Total Power Dissipation @ T/^ = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/OC 

Total Power Dissipation @Jq = 25°C 

Pd 

10 

Watts 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 

I^J'Tstg 

-55 to +150 


Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

1 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

12.5 

°C/W 

Thermal Resistance, Junction to Ambient 

P0JA 

125 

OC/W 


NPN SILICON 

AMPLIFIER TRANSISTORS 




H 

KR 


(COLLECTOR CONNECTED TO TAB) 


NOTE: 

1. LEADS WITHIN 0,15 mm(0.006) TOTAL OF TRUE 
POSITION AT CASE, AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MILUN 

ETERS 

INC 

HES 

MIN 


MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0,213 

0,223 

D 

0.38 

0.53 

0,015 

0.021 

F 

3,18 

3,33 

0.125 

0.131 

G 

2.54 

BSC 

0.100 

BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

11.63 

12.70 

0.458 

0.500 

L 

24.58 

25.53 

0.968 

1.005 

N 

5.08 

BSC 

0.200 

IBSC 

Q 

2.39 

2.69 

0.094 

0.106 

R 

1.14 ! 

1.40 

0,045 

0.055 


CASE 152-02 
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MPS-U05, MPS-U06 


ELECTRICAL CHARACTERISTICS (Ta = 25^0 unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


V(BR)CEO 




Vdc 

(IC= 1.0 mAdc, Ib = 0) 

MPS-U05 


60 

— 

- 



MPS-U06 


80 

- 

- 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

4.0 

- 

- 

Vdc 

(Ie » 100 MAdc, lc = 0) 







Collector Cutoff Current 


•CBO 




nAdc 

(VcB = 40Vdc,lE = 0) 

MPS-U05 


_ 

- 

100 


(VcB “ 00 Vdc, Ie = 0) 

MPS-U06 


- 

- 

100 



ON CHARACTERISTICS 


DC Current Gain (1) 
dc = 50 mAdc, Vqe = 10 Vdc) 
dc = 250 mAdc, VcE = 10 Vdc) 

(Iq = 500 mAdc, Vqe = 1.0 Vdc) 

hpE 

80 

60 

125 

100 

55 

- 


Collector-Emitter Saturation Voltage! D 

VcE(sat) 




Vdc 

(Iq = 250 mAdc, 1 b = 10 mAdc) 


- 

0.18 

0.4 


dC = 250 mAdc, Ib = 25 mAdc) 

! 

- 

0.1 

- 


Base-Emitter On Voltage (1) 

VBE(on) 

- 

0.74 

1.2 

Vdc 

(Iq = 250 mAdc, Vqe = 5.0 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

i(lc = 250 mAdc, Vqe = 5.0 Vdc, f = 100 MHz) 


50 

150 

- 

MHz 

Output Capacitance 
(Vqb = 10 Vdc, Ie = 0, f = 100 kHz) 

^ob 

i 

" 

6.0 

12 

pF 


( 1 )Pulse Test: Pulse Width < 300 jus-, Duty Cycle <2.0%. 



5.0 10 20 50 100 200 500 

IC, COLLECTOR CURRENT (mA) 


FIGURE 2 - "ON" VOLTAGES 



FIGURE 3 - DC SAFE OPERATING AREA 



FIGURE 4 - CURRENT-GAIN-BANDWIDTH PRODUCT 



IC, COLLECTOR CURRENT (mA) 


There are two limitations on the power handling ability of a 
transistor: junction temperature and second breakdown. Safe 
operating area curves indicate Iq — Vqe limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 3 is based on Tj(pk) = 1 50°C; Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed by second! breakdown . 
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Rating 

Symbol 

Value 


Collector-Emitter Voltage 

VCEO 

100 


Collector-Base Voltage 

VCB 

100 


Emitter-Base Voltage 

veb 

4.0 


Collector Current - Continuous 

•c 

2.0 

Adc 

Total Power Dissipaton @ = 25°C 

Pd 

1.0 


Derate above 25°C 


8.0 


Total Power Dissipaton @ Tq = 25°C 

Pd 

10 


Derate above 25°C 


80 

IIQQ&9 

Operating and Storage Junction 

^J'^stg 

-55 to +150 

mm 

Temperature Range 



■■ 

THERMAL CHARACTERISTICS 

Characteristic 


Max 


Thermal Resistance, Junction to Case 




Thermal Resistance, Junction to Ambient 

P*0JA 

125 

°c/w 



PIN 1, EMIHER 

2. BASE 

3. COLLECTOR 

(COLLECTOR CONNECTED TO TAB) 


NOTE; 

1. LEADS WITHIN 0.15 mm(0.006) TOTAL OF TRUE 
POSITION AT CASE, AT MAXIMUM MATERIAL 
CONDITION, 


DIM 

MILLIMETERS 

INC 

RES 

MIN 

MAX 

MIN 

MAX 

A 

9,14 

9.53 

0.360 

0,375 

R 

6,60 

7.24 

0.260 

0,285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0,38 

0.53 

0.015 

0.021 

F 

3,18 

3.33 

0,125 

0.131 

G 

2.54 BSC 

O.IOC 

BSC 

H 

3.94 

4,19 

0.155 

0,165 

J 

0.36 

0.41 

0.014 

0.016 

K 

11.63 

12.70 

0,458 

0.500 

L 

24.58 

25.53 

0,968 

1.005 

N 

5.08 BSC 

0,20C 

)BSC 

Q 

2,39 

2.69 

0.094 

0,106 

R 

1.14 

1.40 1 0.045 

0.055 


CASE 152-02 
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MPS-U07 


ELECTRICAL CHARACTERISTICS (Ta = 2b^C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC= 1.0 mAdc, Ib = 0) 

V(BR)CEO 

100 

~ 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 MAdc. lc = 0) 

V(BR)EBO 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
(Vcb = 80 Vdc, Ie = 0) 

•CBO 


- 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain (1) 

(IC = 50 mAdc, VcE = 10 Vdc) 
dc = 250 mAdc, Vqe = 10 Vdc) 
dc = 500 mAdc, Vqe == 1 0 Vdc) 

hFE 

60 

30 

110 

65 

33 



Collector-Emitter Saturation Voltage (1) 

VCE(sat) 




Vdc 

dc = 250 mAdc. Ib = 10 mAdc) 


- 

0.18 

0.4 


(1 C = 250 mAdc, 1 b = 25 mAdc) 


- 

0.1 

- 


Base-Emitter On Voltage 

VBE(on) 

- 

0.76 

1.2 

Vdc 

dc = 250 mAdc, VcE = 5.0 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (D 
dc = 250 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 

It 

50 

150 


MHz 

Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 

Cob 

- 

6.0 

12 

pF 


(1 )pulse Test: Pulse Width < 300 )Us, Duty Cycle < 2.0%. 


FIGURE 1 - DC CURRENT GAIN 




1,0 2.0 5.0 10 20 50 100 200 300 500 


IC, COLLECTOR CURRENT (mA) 


IC,C0LLECT0RCURRENT(mA) 


FIGURE 3 - DC SAFE OPERATING AREA 


FIGURE 4 - CURRENT-GAIN-BANDWIDTH PRODUCT 




There are two limitations on the power handling ability of a 
transistor: junction temperature and second breakdown. Safe 
operating area curves indicate Iq — VcE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 3 is based onTj(p|() = 150°C; Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown . 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


NPN SILICON ANNULAR TRANSISTOR 


. . . designed for high-voltage video and luminance output stages in 
TV receivers. 


• High Collector-Emitter Breakdown Voltage - 

V(br)CEO = 300 Vdc (Min) @ Ic = 1-0 mAdc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0-75 Vdc (Max) @ Iq = 30 mAdc 

• Low Collector-Base Capacitance — 

Ccb = 3.0 pF (Max) @ Vqb = 20 Vdc 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

Vdc 

Collector-Base Voltage 

VCB 

300 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

•c 

0.5 

Adc 

Total Power Dissipation @ T/^ = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

10 

Watts 

Derate above 25°C 

80 

mW/OC 

Operating and Storage Junction Temperature Range 

TjTstg 

-55 to-H50 

OC 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

12.5 

oc/w 

Thermal Resistance, Junction to Ambient 

R0JA(1) 

125 

Oc/W 

(1) RgJA is measured with the device soldered into a typical printed circuit board. 



NPN SILICON 
HIGH VOLTAGE 
AMPLIFIER 
TRANSISTOR 




2. BASE 

3. COLLECTOR 

(COLLECTOR CONNECTED TO TAB) 


NOTE: 

1. LEADS WITHIN 0.15 mm(0,006) TOTAL OF TRUE 
POSITION AT CASE, AT MAXIMUM MATERIAL 
CONDITION, 


DIM 

MILOMETERS 

INC 

HES 

MIN 1 MAX 

MIN 

MAX 

A 

9.14 9.53 

0,360 

0.375 

B 

6.60 7.24 

0.260 

0.285 

C 

5,41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0,125 

0.131 

G 

2.54 BSC 

0.10C 

BSC 

H 

3.94 

4.19 

0,155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

11,63 

12,70 

0.458 

0.500 

L 

24.58 

25,53 

0.968 

1.005 

N 

5.08 BSC 

0.200 BSC 

Q 

2.39 

2.69 

0.094 

0.106 

R 

1.14 

1.40 

0.045 

0.055 


CASE 152-02 
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MPS-UIO 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted) 


Characteristics j 

Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1 ) 
dc = 10 mAdc, 1 b = 0) 

V(BR)CE0 

300 

- 

Vdc 

Collector-Base Breakdown Voltage 
(IC= 100 MAdc, Ie =0) 

V{BR)CB0 

300 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 MAdc, Ic = 0) 

V(BR)EB0 

6.0 

’ - 

Vdc 

Collector Cutoff Current 

(VcB = 200 Vdc, Ie = 0) 

•CBO 


0.2 

MAdc 

Emitter Cutoff Current 
(Vbe = 6.0 Vdc, Ic = 0) 

•ebo 

~ 

0.1 

MAdc 

ON CHARACTERISTICS 

DC Current Gain 
dc = 1 -0 mAdc, VcE = 10 Vdc) 

hFE 

25 


- 

dc = 10 mAdc, VcE = 10 Vdc) 


40 

- 


dc = 30 mAdc, VcE = 10 Vdc) 


40 

- 


Collector-Emitter Saturation Voltage 
dc - 30 mAdc, Ib = 3.0 rnAdc) 

VcE(sat) 

- 

0.75 

Vdc 

Base-Emitter On Voltage 

dc = 30 mAdc, VcE = 10 Vdc) 

VBE(on) 

■ 

0.85 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

dc=10mAdc, VcE = 20Vdc, f= 100 MHz) 

fr 

45 

- 

MHz 

Collector-Base Capacitance 

(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 

^cb 

- 

3.0 

pF 


(l)Pulse Test; Pulse Width :£300 ns, Duty Cycle< 2%. 


FIGURE 1 - DC SAFE OPERATING AREA 



The Safe Operating Area Curves indicate Ic^'^CE limits below 
which the device will not enter second breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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C, CAPACITANCE (pF) hpE, DC CURRENT GAIN 


MPS-U10 


FIGURE 2 -DC CURRENT GAIN 



IC, COLLECTOR CURRENT (mA) 


FIGURE 3 - CAPACITANCES 



FIGURE 4 - CURRENT-GAIN-BANDWIDTH PRODUCT 




1.0 2.0 3.0 5.0 10 20 30 50 100 


IC, COLLECTOR CURRENT (mA) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MPS-U45 


I 


NPN SILICON DARLINGTON 

AMPLIFIER TRANSISTOR 

. . . designed for amplifier and driver applications. 

• High DC Current Gain - 

hpE = 25,000 (Min) @ Iq = 200 mAdc 


^ ; 

NPN SILICON 
DARLINGTON 
TRANSISTOR 


15,000 (Min) @ IC = 500 mAdc 



• Collector-Emitter Breakdown Voltage — 



V(br)CES = Vdc (Min) @ Ic = 100 /xAdc 



• Low Collector-Emitter Saturation Voltage — 


VCE(sat) = 1 .5 Vdc @ Ic = 1 .0 Adc 



• Monolithic Construction for High Reliability 



• Complement to PNP MPS-U95 


c 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VcEO<l) 

40 

Vdc 

Collector-Emitter Voltage 

VCES 

40 

Vdc 

Collector-Base Voltage 

'^CB 

50 

Vdc 

Emitter-Base Voltage 

Veb 

12 

Vdc 

Collector Current 

•c 

2.0 

Adc 

Total Power Dissipation @ = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

10 

Watts 

Derate above 25°C 


80 , 

mW/Oc 

Operating and Storage Junction 

Temperature Range 

TjTstg 

-55 to -t150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R^ja 

125 

oc/w 

Thermal Resistance, Junction to Case 

R0JC 

12.5 

OC/W 

(1) Due to the monolithic construction of this device, breakdown voltages of both 

transistor elements are identical. V(BmCES 'S tested in lieu of V|br)ceO order to 
avoid errors caused by noise pickup. The voltage measured during the V(br)CES 
test is the V(br)CEO of fhe output transistor. 



H 

KR 


(COLLECTOR CONNECTED TO TAB’ 

NOTE: 

1. LEADS WITHIN 0,15 mm(0.006) TOTAL OF TRUE 
POSITION AT CASE, AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MILUM 

ETERS 

INC 

NES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0,213 

0,223 

D 

0.38 

0.53 

0.015 

0,021 

F 

3.18 

3.33 

0.125 

0,131 

G 

2.54 BSC 

0.100 

BSC 

H 

3.94 

4.19 

0,155 

0.165 

J 

0.36 

0.41 

0,014 

0.016 

K 

11,63 

12.70 

0.458 

0.500 

L 

24.58 

25.53 

0.968 1 

1.005 

N 

5.08 BSC 

0.200 

iBSC 

Q 

2.39 

2.69 

0.094 

0,106 

R 

1,14 

1.40 

0.045 

0,055 


CASE 152-02 
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MPS-U45 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = lOO/LiAdc, Vbe = 0) 

V(BR)CES 

40 

- 

_ 

Vdc 

Collector-Base Breakdown Voltage 
dc = lOOjuAdc, Ie = 0) 

V(BR)CBO 

50 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(Ig = 10 juAdc, Ic = 0) 

V(BR)EBO 

12 

- 

- 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

•CBO 

- 

- 

100 

nAdc 

Emitter Cutoff Current 
(Veb = 10 Vdc, Ic = 0) 

•ebo 

- 

- 

100 

nAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
dc = 200 mAdc, Vqe = 5.0 Vdc) 
dc = 500 mAdc, VcE = 5.0 Vdc) 
dc = 1.0 Adc, VcE =5.0 Vdc) 

hpE 

25.000 

15.000 

4.000 

65.000 

35.000 

12.000 

150,000 


Collector-Emitter Saturation Voltage 
dc = 10 Adc, Ib = 2.0 mAdc) 

VcE(sat) 

- 

1.2 

1.5 

Vdc 

Base-Emitter Saturation Voltage 
dc = 1.0 Adc, I B = 2.0 mAdc) 

Vbe (sat) 

- 

1.85 

2.0 

Vdc 

Base-Emitter On Voltage 
dc = 1.0 Adc, VcE = 5.0 Vdc) 

VBE(on) 

- 

1.7 

2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

dc = 200 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

|5fel 

1.0 

3.2 

- 

- 

Collector Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 

i 

- 

2.5 

6.0 

pF 


3 


Uniwatt darlington transistors can be used in any number of low power applications, such as relay drivers, motor control and as general 
purpose amplifiers. As an audio amplifier these devices, when used as a complementary pair, can drive 3.5 watts into a 3.2 ohm speaker using 
a 1 4 volt supply with less than one per cent distortion. Because of the high gain the base drive requirement is as low as 1 mA in th is application. 
They are also useful as power drivers for high current application such as voltage regulators. 
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Ic, COLLECTOR CURRENT (AMP) V, VOLTAGE (VOLTS) hpE, DC CURRENT GAIN (XIOOO) 


MPS-U45 


FIGURE 1 - DC CURRENT GAIN 



0.02 0.05 0.1 0.2 0.5 1.0 2.0 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 


IC, COLLECTOR CURRENT (AMP) 


Ic, COLLECTOR CURRENT (AMP) 



0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 

Ic, COLLECTOR CURRENT (AMP) 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 

Ic, COLLECTOR CURRENT (AMP) 


FIGURE 5 - DC SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor; junction temperature and second; breakdown. Safe 
operating area curves indicate lc~VcE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p|<) = 150°C; Tq is variable 
depending on conditions. At high case temperatures, thermal limi- 
tations will reduce the power that can be handled to values less 
than the limitations Imposed by secondbreakdown. 
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MOTOROLA 


I SEMICONDUCTOR 

TECHNICAL DATA 


PNP SILICON ANNULAR TRANSISTORS 

. . . designed for complementary symmetry audio circuits to 5 Watts 
output. 

• Excellent Current Gain Linearity — 1.0 mAdc to 1.0 Adc 

• Low Collector-Emitter Saturation Voltage - 

VCE(sat) = 0.7 Vdc (Max) @ Iq = 1.0 Adc 

• Complements to NPN MPS-UOI and MPS-U01A 

• Uniwatt Package for Excellent Thermal Properties — 

1.0 Watt @Ta = 250 c 


MAXIMUM RATINGS 

Rating 

Symbol 

MPS-U51 

MPS-U51A 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

40 

Vdc 

Collector-Base Voltage 

VCB 

40 

50 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

'C 

2.0 

Adc 

Total Power Dissipation @ Ta= 25°C 
Derate above 25°C 

Pd 

1.0 

8.0 

Watt 

mW/°C 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

10 

80 

Watts 

mW/OC 

Operating and Storage Junction 
Temperature Range 

TjTstg 

-55 to +150 

OC 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

12.5 

OC/W 

Thermal Resistance, Junction to Ambient 

R0JA 

125 





PNP SILICON 
AUDIO TRANSISTORS 




3 . COLLECTOR 

(COLLECTOR CONNECTED TO TAB) 

NOTE: 

1. LEADS WITHIN 0.16 mm(0,006) TOTAL OF TRUE 
POSITION AT CASE, AT MAXIMUM MATERIAL 
CONDITION, 


DIM 

MILUM 

ETERS 

INC 

4ES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0,360 

0,375 

B 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0,015 

0.021 

F 

3.18_ 

3.33 

0.125 

0.131 

G 

2,54 BSC 

0.100 

BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0,014 

0.016 

K 

11.63 

12.70 

0.458 

0.500 

L 

24.58 

25.53 

0,968 

1.005 

N 

5.08 BSC 

0.20C 

IBSC 

Q 

2.39 

2.69 

0.094 

0.106 

R 

1.14 

1.40 

0.045 

0.055 


CASE 152-02 



[ 


3 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


PNP SILICON ANNULAR TRANSISTOR 

. . . designed for general-purpose amplifier and driver applications. 
• Complement to NPN MPS-U02 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-E niiUer Voltage 

'^CEO 

40 

Vdt 

Collector-Base Voltage 

'^CB 

60 

Vdc 

Emitter- Base Voltage 

'^EB 

5. 0 

Vdc 

Collector Current — Continuous 

'c 

1. 5 

Adc 

Total Power Dissipation & T^ = 25 ‘ C 

Pd 

1. 0 

Watt 

Derate above 25X 


8.0 

mW/'‘C 

Total Power Dissipation (u; T^ = 25‘C 

Pd 

10 

Watts 

Derate above 25°C 


80 

niW/°C 

Operating and Storage Junction 

Temperature Range 

'^stg” 

-55 to -^150 

'C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

JC 

12. 5 

x/w 

Thermal Resistance, Junction to Ambient 

y JA 

125 

c/w 


ELECTRICAL CHARACTERISTICS (T* = 2b°C unless otherv«;se noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(Ij.. = 1.0 in Adc, Ig = 0) 

V(BR)CEO 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 
(1(^ = 100m Adc, Ij, = 0) 

V(BR)CB0 

60 

- 

Vdc 

Collector Cutoff Current 
(VcB = 40 Vdc, = 0) 

^CBO 

- 

100 

nAdc 


ON CHARACTERISTICS (2) 


DC Current Gain 
(I^, = 10 niAdc, = 10 Vdc) 

(1^ = 150 mAdc, V^,g = 10 Vdc) 

(1^. = 500 mAdc, V^.^ = 10 Vdc) 

‘^FE 

50 

50 

30 

300 


Collector-Emitter Saturation Voltage 
(I^ = 150 mAdc, Ig = 15 mAdc) 

^CE(sat) 

- 

0. 4 

Vdc 

Base-Emitter Saturation Voltage 
(I^ = 150 mAdc, Ig = 15 niAdc) 

'^BEIsat) 

- 

1.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(l^ = 20 mAdc, V^.g = 20 Vdc, f = 100 MHz 

^T 

— 

100 


MHz 

Output Capacitance 
(VcB = Vdc, Ig = 0, f = 100 kHz) 

^ob 

- 

24 

pF 


(1) is measured with device soldered into a typical printed circuit board 

(2) Pulse Test: Pulse Width<300 ^s, Duty Cycle<2. 0% 



PNP SILICON 

AMPLIFIER TRANSISTOR 




3, COLLECTOR 

(COLLECTOR CONNECTED TO TAB) 


NOTE: 

1. LEADS WITHIN 0.15 mm(0.006) TOTAL OF TRUE 
POSITION AT CASE, AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MILUM 

ETERS 

INC 

RES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0,213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

"T~i 

3.18 

3.33 

0.125 

0.131 

G 

2.54 

BSC 

0.10C 

BSC 

H 

3.94 1 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

11.63 ’ 

12.70 

0.458 

0,500 

L 

24.58 

25.53 

0.968 

1.005 

N 

5.08 

BSC 

0.200 BSC 

Q 

2.39 

2.69 

0,094 

0.106 

R 

1.14 

1.40 

0,045 

0.055 


CASE 152-02 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


MPS-USS 

IVIPS-U56 


PNP SILICON ANNULAR 
AMPLIFIER TRANSISTORS 

. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 

• High Collector-Emitter Breakdown Voltage — 

V(br)CEO = 60 Vdc (Min) @ Ic = 10 mAdc — MPS-U55 
80 Vdc (Min) @ Iq = 1.0 mAdc - MPS-U56 

• High Power Dissipation -Pd = 10W@Tc = 25°C 

• Complements to NPN MPS-U05 and MPS-U06 


PNP SILICON 

AMPLIFIER TRANSISTORS 


MAXIMUM RATINGS 





Rating 

Symbol 

MPS-U55 

MPS-U56 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base Voltage 

VCB 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current — Continuous 

•c 

2.0 

Adc 

Total Power Dissipation @ T/^ = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation @ Tc = 25°C 

Pd 

10 

Watts 

Derate above 25° C 


80 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj.Tstg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 





Characteristic 


Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 


R0JA(1> 

125 

°C/W 

Thermal Resistance, Junction to Case 


R0JC 

12.5 

°c/w 

(1) R^ja measured with the device soldered into a typicai printed circuit board. 









STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 

(COLLECTOR CONNECTED TO TAB) 


NOTE: 

1. LEADS WITHIN 0.15 mm(0.006) TOTAL OF TRUE 
POSITION AT CASE, AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MILUM 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54 BSC 

0.100 

BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

11.63 

12.70 

0.458 

0.500 

L 

24.58 

25.53 

0.968 

1.005 

N 

5.08 BSC 

0.200 

BSC 

Q 

2.39 

2.69 

0.094 

0.106 

R 

1.14 

1.40 

0.045 

0.055 


CASE 152-02 
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MPS-U55, MPS-U56 


ELECTRICAL CHARACTERISTICS (Ta = 2S‘>C unless otherwise noted) 


Charactaristie 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage'^ ^ ^ 


V(BR)CEO 




Vdc 

(IC“ I.OmAdc, Ib = 0) 

MPS-U55 


60 

- 

— 



MPS-U56 


80 

- 

- 


Emitter-Base Breakdown Voltage 


V{BR)EBO 

4.0 

_ 

_ 

Vdc 

(Ie - lOapAdc, lc = 0) 







Collector Cutoff Current 


ICBO 




nAdc 

(VcB = 40 Vdc, Ie * 0) 

MPS-U55 


- 

- 

100 


(VcB * 60 Vdc, Ie = 0) 

MPS-U56 


- 

- 

100 



ON CHARACTERISTICS 


DC Current Gain (1) 

( Ic “ 50 mAdc, Vqe = 1 0 Vdc) 
dc = 250 mAdc, Vqe = 10 Vdc) 
dC = 500 mAdc, Vqe = 10 Vdc) 

hfe 

80 

50 

160 

130 

80 

- 


Collector-Emitter Saturation Voltage! D 

Vce (sat) 





dc = 250 mAdc, Ib = 10 mAdc) 


- 




dC = 250 mAdc, Ib = 25 mAdc) 


- 



mm 

Base-Emitter On Voltage (1) 

VBE(on) 

- 

0.78 

1.2 

Vdc 

dc = 250 mAdc, Vce = 5 0 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 
dc = 250 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

fj 

50 

100 

- 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

^ob 

— 

10 

15 

pF 


( 1 )Pulse Test: Pulse Width ^300 ms, Duty Cycle ^2.0%. 


3 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - "ON" VOLTAGES 




FIGURE 3 - ACTIVE-REGION SAFE 
OPERATING AREA 


FIGURE 4 - CURRENT-GAIN-BANDWIDTH PRODUCT 



VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 



There are two limitations on the power handling ability of a 
transistor; junction temperature and second breakdown. Safe 
operating area curves indicate Ic — Vqe limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves irKlicate. 


The data of Figure 3 is based on Tj(pk) = 1 50°C; Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations wilt reduce the power that can be handled to values less 
than the limitations impost by second breakdown. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


IVIPS-U57 


PNP SILICON ANNULAR 
AMPLIFIER TRANSISTOR 


. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 


• High Collector-Emitter Breakdown Voltage — 

V(br)CEO = '*00 Vdc (Min) @ Iq = 1.0 mAdc 

• High Power Dissipation — Pq ^ 10 W @ Tq = 25®C 


• Complement to NPN MPS-U07 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

100 

Vdc 

Collector-Base Voltage 

VCB 

100 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current — Continuous 

'c 

2.0 

Adc 

Total Power Dissipation @i = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/OC 

Total Power Dissipation Tq = 25°C 

Pd 

10 

Watts 

Derate above 25°C 


80 

mW/^C 

Operating and Storage Junction 

I^J'Tstg 

-55 to +150 

OC 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 12.5 

^C/W 

Thermal Resistance, Junction to Ambient 

R0JA 125 

OC/W 
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MPS-U57 


ELECTRICAL CHARACTERISTICS (Ta = 25^0 unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ . 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (D 
(IC= 1-0 mAdc, Ib = 0) 

V(BR)CEO 

100 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
dC = 100 MAdc, Ig = 0) 

V(BR)EB0 

4.0 

- 

- 

Vdc . 

Collector Cutoff Current 
(VcB =40 Vdc, Ie = 0) 

•CBO 

- 

- 

100 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 
dc = 50 mAdc, Vqe = 10 Vdc) 
dC = 250 mAdc, Vqe = 10 Vdc) 
dc = 500 mAdc, VcE = 10 Vdc) 

hFE 

■1 

140 

65 

30 

- 


Collector-Emitter Saturation Voltage 

Vce (sat) 




Vdc 

dc = 250 mAdc, Ib = 10 mAdc) 


- 

0.24 

0.5 


dc = 250 mAdc, Ib = 25 mAdc) 


- 

0.15 

- 


Base-Emitter On Voltage 

VBE(on) 

■ - 

0.78 

1.2 

Vdc 

dc = 250 mAdc, Vce = 5.0 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 
dc = 250 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 

fj 

50 

100 

- 

MHz 

Outfxit Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cob 

- 

10 

15 

pF 


(1) Pulse Test: Pulse Width < 300 /is. Duty Cycle < 2.0%. 


FIGURE 1 - DC CURRENT GAIN 




1.0 2.0 5.0 10 20 50 100 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: junction | temperature and second breakdown. Safe 
operating area curves indicate limits of the transistor that 

must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


FIGURE 2 - "ON" VOLTAGES 




IC, COLLECTOR CURRENT jmA) 


The data of Figure 3 is based onTj(pk) = 150°C; Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown. 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 



PNP SILICON ANNULAR TRANSISTOR 

. . . designed for general-purpose applications requiring high break- 
down voltages, low saturation voltages and low capacitance. 

• Complement to NPN Type MPS-U 10 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

Vdc 

Collector-Base Voltage 

^CB 

300 

Vdc 

Emitter-Base Voltage 

'^EB 

5.0 

Vdc 

Collector Current Continuous 

'c 

500 

mAdc 

Total PoweriDissipation @ T/\ = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/OC 

Total Power, Dissipation @ Tc = 25°C 

Pd 

10 

Watts 

Derate above 25°C 


80 

mW/OC 

Operating and Storage Junction 

Tj.Tstg 

-55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rojc 

12.5 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA(1) 

125 

°c/w 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

^ Characteristic [ Symbol | Min | Max | Unit 

OFF CHARACTERISTICS 


Collector Emitter Breakdown Voltage (2) 

(Iq = 1.0 mAdc, 1 B = 0) 

^(BR)CEO 

300 


Vdc 

Collector-Base Breakdown Voltage 
dC = 100 MAdc, Ie = 0) 

V(BR)CBO 

300 


Vdc 

Emitter-Base Breakdown Voltage 
(Ig = 10 MAdc, Iq = 0) 

V(BR)EBO 

5.0 


Vdc 

Collector Cutoff Current 
(VcB = 200 Vdc, Ie =0) 

'CBO 


0.2 

MAdc 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ic = 0) 

•ebo 


0 1 

MAdc 


ON CHARACTERISTICS 


DC Current Gain (2) 
dC = I.OmAdc, VcE = 10 Vdc) 
dC = 10 mAdc, VcE = 10 Vdc) 
dC = 30 mAdc, VcE = 10 Vdc) 

hPE 

25 

30 

30 



CoDector-Emitter Saturation Voltage 
dC = 20mAdc,lB = 2.0 mAdc) 

VCE(sat) 


0.75 

Vdc 

Base-Emitter Saturation Voltage 
dC = 20 mAdc, Ib = 2.0 mAdc) 

VBE(sat) 


0.9 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 
dc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

h 

60 


MHz 

Collector-Base Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 1 .0 MHz) 

Ccb 

- 

8.0 

pF 


^0JA measured with the device soldered into a typical printed circuit board. 

(2) Pulse Test: Pulse Width 300 ^is, Duty Cycle < 2.0%. 


PNP SILICON 
HIGH VOLTAGE 
TRANSISTOR 




(COLLECTOR CONNECTED TO TAB) 

NOTE: 

1, LEADS WITHIN 0.15 mm(0.006) TOTAL OF TRUE 
POSITION AT CASE, AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MILUM 

lETERS 

INC 

flES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

6.60 

7.24 

0.260 

0.285 

C 

5,41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0,015 

0.021 

F 

3.18 

3.33 

0,125 

0.131 

6 

2.54 

BSC 

0.10C 

I BSC 

H 

3.94 

4,19 

0,155 

0,165 

J 

0.36 

0.41 

0.014 

0.016 

K 

11.63 

12.70 

0.458 

0.500 

L 

24.58 

25.53 

0.968 

1.005 

N 

5.08 BSC 

0.20C 

)BSC 

Q 

2.39 

2,69 

0.094 

0.106 

R 

1.14 

1.40 

0.045 

0.055 


CASE 152-02 
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MPS-U60 


FIGURE 1 -DC CURRENT GAIN 



150 





MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


PNP SILICON DARLINGTON 
AMPLIFIER TRANSISTOR 

. . . designed for amplifier and driver applications. 

• High DC Current Gain - 

hpE = 25,000 (Min) @ Iq = 200 mAdc 
15,000 (Min) @ Iq = 500 mAdc 

• Collector-Emitter Breakdown Voltage — 
V(bR)CES “ •40 Vdc (Min) @ Iq = 100 juAdc 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 1 .5 Vdc @ Ic = 1 .0 Adc 

• Monolithic Construction for High Reliability 

• Complement to NPN MPS-U45 



PNP SILICON 

DARLINGTON 

TRANSISTOR 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

, Collector-Emitter Voltage 

\/CEO^^^ 

40 

Vdc 

Collector-Emitter Voltage 

VCES 

40 

Vdc 

Collector-Base Voltage 

VCB 

50 

Vdc 

Emitter-Base Voltage 

Veb 

10 

Vdc 

Collector Current -Continuous 

'c 

2.0 

Adc 

Total Power Dissipation @ T/^ = 25°C 

Derate above 25°C 

Pd 

1.0 

8.0 

Watt 

mW/OC 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

Pd 

10 

80 

Watts 

mW/Oc 

Operating and Storage Junction 

Temperature Range 

"•"j'Tstg 

-55 to -1-150 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA(2) 

125 

Oc/W 

Thermal Resistance, Junction to Case 

R ^JC 

12.5 

OC/W 

(1) Due to the monolithic construction of this device, breakdown voltages of both 
transistor elements are identical, V(BmcES 's tested in lieu of V|bR)CEO order to 
avoid errors caused by noise pickup. The voltage measured during the V{br)CES 
test is the V{br)CEO of ff'® output transistor. 

(2) R^ja 's measured with the device soldered into a typical printed circuit board. 



3. COLLECTOR 

(COLLECTOR CONNECTED TO TAB) 

NOTE: 

1. LEADS WITHIN 0.15 mm(0.006) TOTAL OF TRUE 
POSITION AT CASE, AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MILUM 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54 

BSC 

0.100 

BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

11.63 

12.70 

0.458 

0.500 

L 

24.58 

25.53 

0.968 

1.005 

N 

5.08 BSC 

0.200 BSC 

Q 

2.39 

2.69 

0.094 1 0.106 

R 

1.14 

1.40 

0.045 1 0.055 


CASE 152-02 


3 
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MPS-U95 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ j Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = lOOMAdc, Vbe = 0) 

V(BR)CES 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
( 1 C = 1 00 MAdc, 1 E = 0) 

V(BR)CB0 

50 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = lOpAdc, Ic = 0) 

V(BR)EBO 

10 

- 

- 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 


- 

- 

100 

nAdc 

Emitter Cutoff Current 
(Veb =8.0 Vdc, lc = 0) 

'EBO 

- 

— 

100 

nAdc 


ON CHARACTERISTICSd) 


DC Current Gain 
dc = 200 mAdc, Vqe = 5.0 Vdc) 
dc = 500 mAdc, VcE = 5.0 Vdc) 
dc = 1.0 Adc, VcE = 5.0 Vdc) 

hpE 

25.000 

15.000 

4.000 

43.000 

41.000 

35.000 

1 50,000 


Collector-Emitter Saturation Voltage 
dc = 10 Adc, Ib = 2.0 mAdc) 

VCE(sat) 

- 

1.0 

1.5 

im 

Base-Emitter Saturation Voltage 
dc =1.0 Adc, Ib - 2.0 mAdc) 

Vbe (sat) 

- 


2.0 


Base-Emitter On Voltage 
dc = 1 .0 Adc, VcE = 5.0 Vdc) 

VBE(on) 



2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain (1) 

dc = 200 mAdc, VcE == 5.0 Vdc, f = 100 MHz) 


0.5 


- 

- 

Collector Base Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

^cb 


2.5 

12 

pF 


d ) Pulse T est: Pulse Width < 300 ms. Duty Cycle ^ 2.0%. 


Uniwatt Darlington transistors can be used in any number of low power applications, such as relay drivers, motor control and as general purpose amplifiers. As an 
audio amplifier these devices, when used as a complementary pair, can drive 3.5 watts into a 3.2 ohm speaker using a 14 volt supply with less than one percent 
distortion. Because of the high gain the base drive requirement is as low as 1 mA in this application. They are also useful as power drivers for high current application 
such as voltage regulators. 


3-1152 








































Ic, COLLECTOR CURRENT (AMP) V, VOLTAGE (VOLTS) hpE.OC CURRENT GAIN (X 1000) 


MPS-U95 


FIGURE 1 - DC CURRENT GAIN 
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70 
50 

30 

20 
15 

0.02 0.05 0.1 0.2 0.5 1.0 2.0 

IC, COLLECTOR CURRENT (AMP) 




0.01 0.02 0.05 0.1 0.2 0.5 1.0 


IC.COLLECTOR CURRENT (AMP) 


FIGURE 3 - "ON” VOLTAGES 


FIGURE 4 - TEMPERATURE COEFFICIENT 




0.02 0.05 0.1 0.2 0.5 1.0 2.0 


Ic, COLLECTOR CURRENT (AMP) 


FIGURE 5 - DC SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: junction temperature and second breakdown. Safe 
operating area curves indicate Iq—Vce I'lrtits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(pk) = 150°C; Tq is variable 
depending on conditions. At high case temperatures, thermal limi- 
tations will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown. 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 



NPN 

PNP 



TIP29 

TIP30 



TIP29A 

TIP30A 



TIP29B 

TIP30B 



TIP29C 

TIP30C 



COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general purpose amplifier and switching 
applications. Compact TO-220 AB package. TO-66 leadform also 
available. 


MAXIMUM RATINGS 


Rating 

— 

Symbol 

TIP29 

TIP30 

TIP29A 

TIP30A 

TIP29B 

TIP30B 

TIP29C 

TIP30C 

Unit 

Collector-Emitter Voltage 

^CEO 

40 

60 

80 

100 

Vdc 

Collector-Base Voltage 

VcB 

40 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

veb 


Vdc 


Collector Current — Continuous 
Peak Peak 

•c 

1.0 ► 

— 3.0 ► 

Adc 

Base Current 

'b 

0.4 

Adc 

Total Power Dissipation 
@ Tc = 25°C 

Derate above 25°C 

Pd 

30 ^ 

0.24 ► 

Watts 

W/OC 

Total Power Dissipation 
@Ta = 25°C 

Derate above 25°C 

Pd 

2.0 ► 

^ — 0.016 ► 

Watts 

W/OC 

Undamped Inductive Load 

Energy (See Note 3) 

E 

— 32 ► 

mJ 

Operating and Storage Junction 
Temperature Range 

Tj' Tstg 

-65 to +150 ► 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

p^ejc 

4.167 

°C/W 

Thermal Resistance, Junction to Ambient 

f^OJA 

62.5 

°c/w 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


I Character irtic | Symbol | Min | Max | Unit 1 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) TIP29,TIP30 I 

VcEO(sus) 

40 

_ 

Vdc 

(lc = 30mAdc, la = 0) 

TIP29A, TIP30A 


60 

- 



TIP29B,TIP30B 


80 

- 



TIP29C, TIP30C 


100 

- 


Collector Cutoff Current 


•CEO 



mAdc 

(VcE = 30 Vdc, Ib = 0) 

TIP29, TIP29A, TIP30, TIP30A 


- 

0,3 


(VcE =60 Vdc, Ib = 0) 

TIP29B, TIP29C, TIP30B, TIP30C 


- 

0.3 


Collector Cutoff Current 


'CES 



MAdc 

(vcE = 40 Vdc, Veb = 0) 

TIP29, TIP30 


- 

200 


(VcE =60 Vdc, Veb = 0) 

TIP29A, TIP30A 


- 

200 


(Vqe = 80 Vdc, Veb = 0) 

TIP29B,TIP30B 


- 

200 


(VcE = 100 Vdc, Veb = 0) 

TIP29C. TIP30C 


- 

200 


Emitter Cutoff Current 


•ebo 

- 

1.0 

mAdc 

(Vbe = 5.0 Vdc, lc = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 

(tc =0.2 Adc, VcE =4.0 Vdc) 

(Ic = 1.0 Adc, VcE =4.0Vdc) 

6fE 

40 

15 

75 


Collector-Emitter Saturation Voltage 
(tc = 1.0 Adc, Ib = 125 mAdc) 

VCE($at) 

- 

0.7 

Vdc 

Base-Emitter On Voltage 

(lc = 1.0 Adc, VcE =4.0 Vdc) 

VBE(on) 

1 

1.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain - Bandwidth Product (2) 

(lc = 200 mAdc, Vce = 10 Vdc, f^est = 1 

It 

3.0 

- 

MHz 

Small-Signal Current Gain 

(lc = 0.2 Adc, Vce = 10 Vdc, f = 1 kHz) 

6fe 

20 


- 


1 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40 60-80-100 VOLTS 
30 WATTS 




(1 ) Pulse Test: Pulse Width < 300 (is. Duty Cycle < 2.0%. 

(2) fj =lhfele ftest 

(3) This rating based on testing with Lc = 20 mH, Rgg = 100 ft. Vqq ~ 10 V, Iq = 1.8 A, P.R.F. = 10 Hz. 
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COLLECTOR CURRENT, (AMPS) 


TIP29, TIP29A, TIP29B, TIP29C, NPN, TIP30, TIP30A, TIP30B, TIP30C, PNP 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - TURN-OFF TIME 




FIGURE 3 - SWITCHING TIME EQUIVALENT CIRCUIT 


FIGURE 4 - TURN-ON TIME 


TURN-ON PULSE 



RB and Rc VARIED TO OBTAIN 
DESIRED CURRENT LEVELS. 



IC, COLLECTOR CURRENT (AMP) 


FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 


T| = 15Q°C 






- SECOND BREAKDOWN LIMITEO I 

- THERMALLY LIMITED @ Tc = 25^0 1 

- BONDING WIRE LIMIT 

I I I M I I I 

-CURVES APPLY BELOW - 

- RATED Vq^q 

I,. „ 1„-LLLL11 




TIP 29, 30 1 
TIP29A,30A; 
TIP29B,30B: 
TIP29C,30C- 




H 


4.0 10 20 40 

V(>£, COLLECTOR EMITTER VOLTAGE, (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic’^CE operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based onTj(p|<) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) < 150°C. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


NPN 

PNP 

TIP31 

TIP32 

TIP31A 

TIP32A 

TIP31B 

TIP32B 

TIP31C 

TIP32C 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . , designed for use in general purpose amplifier and switching 
applications. 

• Collector-Emitter Saturation Voltage — 

VcE(sat) = ‘••2 Vdc (Max) @ lc = 3.0 Adc 

• Collector-Emitter Sustaining Voltage - 

VcEO(sus) = Vdc (Min) - TIP31, TIP 32 

= 60 Vdc (Min) - TIP31A, TIP32A 
= 80 Vdc (Min) - TIP31B, TIP32B 
= 100 Vdc (Min) - TIP31C, TIP32C 

• High Current Gain - Bandwidth Product 

f j = 3.0 MHz (Min) @ Iq = 500 mAdc 

• Compact TO-220 AB Package 

• TO-66 Leadform Also Available 

*MAXIMUM RATINGS 


Emitter-Base Voltage 

Collector Current - Continuous 
Peak 


Total Power Dissipation Pq 

@ Tc = 25°C 
Derate above 25°C 

Total Power Dissipation Pq 

@ Ta = 25OC 

Derate above 25^C 

Undamped Inductive E 

Load Energy (1 ) 

Operating and Storage Junction Tj.Tjtg 
Temperature Range 

THERMAL CHARACTERISTICS 


(1 ) IC = 1 .8 A. L = 20 mH, P.R.F. = 10 Hz, Vcc = 10 V, Rbe = 100 12. 


POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40-60-80-100 VOLTS 
40 WATTS 



Rating 

Symbol 

TIP31 

TIP32 

TIP31A 

TIP32A 

TIP31B 

TIP32B 

TIP31C 

TIP32C 

Unit 

Collector-Emitter Voltage 

'/CEO 

40 

60 

80 

100 

Vdc 

Collector-Base Voltage 

VCB 

40 

60 

80 

100 

Vdc 


L_l[ 



dt" 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

3.125 

OC/W 

Thermal Resistance, Junction to Ambient 

R0JA 

62.5 

°c/w 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-04 
TO-220AB 
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TIP31, TIP31A, TIP31B, TIP31C, NPN, TIP32, TIP32A, TIP32B, TIP32C, PNP 


ELECTRICAL CHARACTERISTICS (Tq » 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

I Collector-Emitter Sustaining Voltage (1 ) TIP31, TIP32 I ^ 

dC = 30mAdc, Ib = 0) TIP31 A. TIP32A | 

TIP31B, TIP32B 
TIP31C,TIP32C 


Collector Cutoff Current 

(VcE = 30 Vdc, Ib TIP31, TIP31A, TIP32, TIP32A I 

(VcE =60 Vdc, Ib = TIP31B. TIP31C, TIP32B, TIP32C 


Collector Cutoff Current 

(Vce = 40 Vdc,VEB = 04 TIP31.TIP32 

(VcE = 60 Vdc, Veb = 0) TIP31 A. TIP32A 

(VcE =80 Vdc, Veb =0) TIP31B,TIP32B 

(VCE = 100 Vdc, Veb = 0> TIP31C, TIP3 2C 

Emitter Cutoff Current 
(Vbe =5.0 Vdc, Ic = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 

dc = 1.0 Adc, VcE = 4.0 Vdc) 

(IC = 3.0 Adc,VcE =4.0 Vdc) 

Collector-Emitter Saturation Voltage 

dc == 3.0 Adc, Ib = 375 mAdc) 

Base-Emitter On Voltage 

dc = 3.0 Adc, VcE = 4,0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current Gain — Bandwidth Product (2) 

dc = 500 mAdc, VcE = 10 Vdc, ftest = 1 MHz) 

Small-Signal Current Gain 

dc = 0.5 Adc, VcE = 10 Vdc, f = 1 kHz) 

(1) Pulse Test: Pulse Width < 300 jUs, Duty Cycle < 2.0%. 

(2) fj = Ihfel • ftest 

^ ^ FIGURE 1 


VcEO(sus) 


I 


•ebo 

— 

1.0 1 

1 

mAt 


hpE 

25 

10 

: 1 
50 


VcE(sat) 

— 

1.2 

Vd( 

VBE(on) 

- . 

1.8 

Vdi 



fT 

3.0 

- 

MH 

Ihfel 

20 

- 

- 


- POWER DERATING 



20 40 60 


FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 


60 80 100 120 140 160 

T, TEMPERATURE (“0 


FIGURE 3- TURN-ON TIME 


Vin 0 
VEB(off) — 




ti<7.0ns 6 

100<t2<500Afi -4.0 V 

t 3 < 15 ns 


■ DUTY CYCLE ^2.0% 
APPROX -9.0 V 


TURN-OFF PULSE ' 

RB and Rc VARIED TO OBTAIN) DESIRED CURRENT LEVELS. 


■HUH 


td®'VEB(off) = 2.0V 


0.03 

0.021. i i 1 1..1J1. 

0.03 0.05 0.07 0.1 


0.3 0.5 0.7 1.0 


Ic, COLLECTOR CURRENT (AMP) 
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TIP31, TIP31A, TIP3TB, TIP31C, NPN, TIP32, TIP32A, TIP32B, TIP32C, PNP 


FIGURE 4 - THERMAL RESPONSE 




11 1 I I I I I I iiroii., , ■ I . I 

5.0 10 20 50 100 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN-OFF TIME 



SAFE OPERATING AREA 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC'^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(pk) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) ^ 150°C. Tj(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 7 - CAPACITANCE 



Vr, reverse VOLTAGE (VOLTS) 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

. . . forgeneral-purpose power amplifier and switching applications. 

• 10 A Colfector Current 

• Low Leakage Current — IcEO 0.7 mA @ 30 and 60 V 

• Excellent dc Gain — hpE = 40 Typ @ 3.0 A 

• High Current Gain Bandwidth Product — hf© = 3.0 min @ Iq = 

0.5 A, f= 1.0 MHz 


MAXIMUM RATINGS 


Rating 

Symbol 

TIP33 

TIP34 

TIP33A 

TIP34A 

TIP33B 

TIP34B 

TIP33C 

TIP34C 

Unit 

Collector-Emitter Voltage 

VCEO 

40 V 

60 V 

80 V 

100 V 

Vdc 

Collector-Base Voltage 

VCB 

40 V 

60 V 

80 V 

100 V 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 ► 

Vdc 

Collector Current — Continuous 

•c 


10 


Adc 

Peak(l) 



15 



Base Current — Continous 

•b 

3.0 

Adc 

Total Power Dissipation 

Pd 


80 


Watts 

@ Tc = 25°C 







Derate above 25°C 



0.64 


W/°C 

Operating and Storage Junction 

^J'Tstg 


-65 to 

+150 


°C 

Temperature Range 









THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 
Junction-To-Free-Air Thermal Resistance 
(1) Pulse Test: Pulse Width = 10 ms, Duty Cycle <10%. 


3 



Symbol 

Max 

Unit 

P0JC 

1.56 

°C/W 

PflJA 

35.7 

°c/w 


NPN 

PNP 

TIP33 

TIP34 

TIP33A 

TIP34A 

TIP33B 

TIP34B 

TIP33C 

TIP34C 
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TIP33. TIP33A, TIP33B. TIP33C, TIP34. TIP34A, TIP34B, TIP34C 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


I Characteristic 

I Symbol | 

Min 

I Max I" 

Unit I 

OFF CHARACTERISTICS 






Collector-Emitter Sustaining Voltage (1 ) 
dC = 30 mA, Ib = 0) 

TIP33, TIP34 

TIP33A, TIP34A 
TIP33B, TIP34B 

TIP33C, TIP34C 

VCEO(sus) 

40 

60 

80 

100 

- 

Vdc 

Collector-Emitter Cutoff Current 
(VcE = 30 V, Ib = 0) TIP33, TIP33A, TIP34, TIP34A 

(VcE = 60 V, Ib = 0) TIP33B, T1P33C, TIP34B, TIP34C 

•CEO 

- 

0.7 

0.7 

mA 

Collector-Emitter Cutoff Current 
(VcE = Rated VcEO- ^eb = 0) 


'CES 

— 

0.4 

mA 

Emitter-Base Cutoff Current 

(Veb = 5.0 V, Ic = 0) 


•ebo 

— 

1.0 

mA 


ON CHARACTERISTICS (1) 


DC Current Gain 
dC = 1 .0 A, VcE = 4.0 V) 

(IC = 3.0 A, VcE = 4.0 V) 

hpE 

40 

20 

100 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

(IC = 3.0 A, Ib = 0.3 A) 


— 

1.0 


(IC= 10 A, Ib = 2.5 A) 


— 

4.0 


Base-Emitter On Voltage 

VBE(on) 



Vdc 

dC = 3.0 A, VcE = 4.0 V) 


— • 

1.6 


dC= 10 A, Vce = 4.0 V) 


— 

3.0 



DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 
dC = 0.5 A, VcE= 10 V, f= 1.0 kHz) 

hfe 

20 

— 

— 

Current-Gain— Bandwidth Product (2) 
dC = 0.5 A, VcE = 10 V, f = 1 .0 MHz) 


3.0 

— 

MHz 


(1 ) Pulse Test: Pulse Width = 300 ^s, Duty Cycle ^2.0%. 

(2) fj = [hfel ■ ^test 


FIGURE 2 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 



VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

FORWARD BIAS 

The Forward Bias Safe Operating Area represents 
the voltage and current conditions these devices can 
withstand during forward bias. The data is based on Tq = 
25°C; Tj(pk) is variable depending on power level. Second 
breakdown pulse limits are valid for duty cycles to 1 0%, 
and must be derated thermally for Tc > 25°C. 


FIGURE 3 - MAXIMUM RATED REVERSE BIAS 



0 20 40 60 80 100 


VcE- COLLECTOR EMITTER VOLTAGE (VOLTS) 

REVERSE BIAS 

The Reverse Bias Safe Operating Area represents 
the voltage and current conditions these devices can with- 
stand during reverse biased turn-off. This rating is verified 
under clamped conditions so the device is never subjected 
to an avalanche mode. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

... for general-purpose power amplifier and switching applications. 

• 25 A Collector Current 

• Low Leakage Current — IcEO “ ^ 0 @ 30 and 60 V 

• Excellent dc Gain — hpg = 40 Typ (©ISA 

• High Current Gain Bandwidth Product — (hf© = 3.0 min @ Ic = 

1.0 A, f= 1.0 MHz 


NPN 

PNP 

TIP35 

TIP36 

TIP35A 

TIP36A 

TIP35B 

TIP36B 

TIP35C 

TIP36C 


25 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

40-100 VOLTS 
1 25 WATTS 



Rating 

Symbol 

TIP35 

TIP36 

TIP35A 

TIP36A 

TIP35B 

TIP36B 

TIP35C 

TIP36C 

Collector-Emitter Voltage 

VCEO 

40 V 

60 V 

BOV 

100 V 

Collector-Base Voltage 

VCB 

40 V 

60 V 

BOV 

100 V 

Emitter-Base Voltage 

Veb 

5.0 1 

Collector Current — Continuous 

•c 



25 

1 

Peak (1) 



40 

1 

Base Current — Continous 

'b 

5.0 1 

Total Power Dissipation 

Pd 


125 

1 

@Tc=25°C 






Derate above 25°C 



1.0 


Operating and Storage Junction 

^J'^stg 


-65 to 

1+150 


Temperature Range 






Undamped Inductive Load 


90 








TIP35, TIP35A, TIP35B, TIP35C,NPN. TIP36. TIP36A. TIP36B. TIP36C,PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


1 Characteristic 

1 Symbol | 

Min 

1 Max 

1 Unit 1 

OFF CHARACTERISTICS 






Collector- Emitter Sustaining Voltage (1) 

VCEO(sus) 



Vdc 

dC = 30 mA, Ib = 0) TIP35, TIP36 

40 

— 


TIP35A, TIP36A 


60 

— 


TIP35B, TIP36B 


80 

— 


TIP35C, TIP36C 


100 

- 


Collector-Emitter Cutoff Current 

'CEO 



mA 

(VcE = 30 V, Ib = 0) TIP35, TIP35A, TIP36, TIP36A 


— 

1.0 


(VcE = 60 V, Ib = 0) TIP35B, TIP35C, TIP36B, TIP36C 


- 

1.0 


Collector-Emitter Cutoff Current 

'CES 

_ 

0.7 

mA 

(VcE = Rated VcEO- ^eb = 0) 





Emitter-Base Cutoff Current 

'ebo 

— 

1.0 

mA 

(Veb = 5.0V, lc = 0) 

' 





ON CHARACTERISTICS (1) 


DC Current Gain 
(IC= 1.5 A, Vce = 4.0V) 

(IC= 15 A, Vce = 4.0 V) 

LU 

LL 

x: 

25 

15 

75 

■ 

Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

(IC= 15 A, Ib= ■' •5 A) 


— 

1.8 


(IC= 25 A, Ib= 5.0 A) 


— 

4.0 


Base-Emitter On Voltage 

VBE(on) 



Vdc 

(Ic = 1 5 A, Vce = 4.0 V) 


— 

2.0 


(IC=25A, Vce = 4.0V) 


~ 

4.0 



DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 
(IC= 1.0 A, VcE= 10 V, f= 1.0 kHz) 

•^fe 

25 

— 

— 

Current-Gain — Bandwidth Product (2) 

(IC= 1-0 A, VcE= 10 V, f = 1.0 MHz) 

fT 

3.0 

— 

MHz 


(1 ) Pulse Test: Pulse Width = 300 fis, Duty Cycle <2.0%. 

(2) fT=[hfe]ftest 


FIGURE 2 - SWITCHING TIME EQUIVALENT 
TEST CIRCUITS 



FIGURE 3 - TURN-ON TIME 




FOR CURVESOF FIGURES3&4, Rb & RlARE VARIED. 
INPUT LEVELS ARE APPROXIMATELY AS SHOWN. 

FOR NPN, REVERSE ALL POLARITIES. 
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TIP35, TIP35A, TIP35B, TIP35aNPN, TIP36, TIP36A, TIP36B, TIP36C,PNP 


FIGURE 4 - TURN-OFF TIME 


FIGURE 5 - DC CURRENT GAIN 





0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IC, COLLECTOR CURRENT (AMPERES) 



0.5 1.0 2.0 5.0 1.0 

IC, COLLECTOR CURRENT (AMPS) 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor; average junction temperature and second 
breakdown. Safe operating area curves indicate IC“VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 6 is based on Tq = 25°C; Tj(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained sipnultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current conditions during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 7 
gives RBSOA characteristics. 


FIGURE 6 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 



2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 7 - MAXIMUM RATED REVERSE BIAS 
SAFE OPERATING AREA 
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TIP35, TIP35A, TIP35B, TIP35C,NPN, TIP36, TIP36A, TIP36B. TIP36C,PIMP 


FIGURE 8 — INDUCTIVE LOAD SWITCHING 




NOTES; 

A. LI and L2 are 10 mH, 0.1 1 fl, Chicago Standard Transformer Corporation C-2688, or equivalent. 

B. Input pulse width is increased until |0|^ = -3.0 A. 

C. For NPN, reverse all polarities. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


NPN 

PNP 

TIP41 

TIP42 

TIP41A 

TIP42A 

TIP41B 

TIP42B 

TIP41C 

TIP42C 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general purpose amplifier and switching 
applications. 

• Collector-Emitter Saturation Voltage — 

VcE(sat) ~ 1 Vdc (Max) @ Iq = 6.0 Adc 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) =40 Vdc (Min) -TIP41,TIP42 

= 60 Vdc (Min) - TIP41 A. TIP42A 
= 80 Vdc (Min) - TIP41 B, TIP42B 
= 100 Vdc (Min) - TIP41C, TIP42C 

• High Current Gain — Bandwidth Product 

f j = 3.0 MHz (Min) @Iq = 500 mAdc 

• Compact TO-220AB Package 

• TO-66 Leadform Also Available 

♦MAXIMUM RATINGS 


6 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40-60-80-100 VOLTS 
65 WATTS 



Rating 

Symbol 

TIP41 

TIP42 

TIP41A 

TIP42A 

TIP418 

TIP42B 

TIP41C 

TIP42C 

Collector-Emitter Voltage 

VCEO 

40 

60 

80 

100 

Collector-Base Voltage 

VCB 

40 

60 

80 

100 

Emitter-Base Voltage 

Veb 

5.0 

Collector Current - Continuous 

'C 

— 6 ^ 


Total Power Dissipation Pq 

@ Tc = 25°C 
Derate above 25°C 

Total Power Dissipation Pq 

@ Ta = 25^0 
Derate above 25°C 

Undamped Inductive E 

Load Energy (1) 

Operating and Storage Junction Tj,Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 





STYLE 1: 

PINT BASE 

2, COLLECTOR 

3, EMITTER 

4, COLLECTOR 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M 1982 

2. CONTROLLING DIMENSION: INCH, 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.92 

OC/W 

Thermal Resistance , Junction to Ambient 

R0JA 

62.5 

°c/w 


(1) Iq = 2.5 A,L = 20 mH, P.R.F. = 10 Hz, = 10V, Rgg = 



CASE 221A-04 
TO-220AB 
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TIP41 , TIP41 A, TIP41 B, TIP41C, NPN, TIP42, TIP42A, TIP42B, TIP42C, PNP 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max j Unit" 

OFF CHARACTERISTICS 


Collector-Enrritter Sustaining Voltage (1) 
(IC = 30 mAdc, Ib = 0) 

TIP41,TIP42 

TIP41A,TIP42A 

TIP41B,TIP42B 

TIP41C,TIP42C 

VcEOisus) 

40 

60 

80 

100 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

(Vce = 30 Vdc, Ib = 0) 

TIP41 , TIP41 A, TIP42, TIP42A 



0.7 


(VcE =60 Vdc, Ib = 0) 

TIP41 B, TIP41C, TIP42B, TIP42C 



0.7 


Collector Cutoff Current 


•CES 



MAdc 

(VcE =40 Vdc.VEB = 0) 

TIP41,TIP42 


- 

400 


(VcE =60 Vdc,VEB =0) 

TIP41A,TIP42A 


- 

400 


(VcE =80 Vdc, Veb =0) 

TIP41B,TIP42B 


- 1 

400 


(VcE = lOOVdc, Veb = 0) 

TIP41C.TIP42C 


- 

400 


Emitter Cutoff Current 


•ebo 

- 

1.0 

mAdc 

(Vbe = 6.0 Vdc, Ic = 0) 


1 


i 



ON CHARACTERISTICS (1) 


DC Current Gain 

dc = 0.3 Adc, VcE = 4.0 Vdc) 

(|0 = 3,0 Adc, Vqe = 4.0 Vdc) 

hpE 

30 

15 

75 


Collector-Emitter Saturation Voltage 
dc = 6.0 Adc, Ib = 600 mAdc) 

VcE(sat) 


1.5 

Vdc 

Base-Emitter On Voltage 

dc = 6.0 Adc, VcE = 4.0 Vdc) 

VBE(on) 

~ 

2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product (2) 

dc = 500 mAdc, VcE = 10 Vdc, ftest = 1 MHz) 

fT 

3.0 

- 

MHz 

Small-Signal Current Gain 

dc = 0.5 Adc, VcE = 10 Vdc, f = 1 kHz) 

Ihfel 

20 

~ 

— 


(1) Pulse Test: Pulsewidth < 300 ms, Duty Cycle < 2,0%. 

(2) f j = Ihfe I • f test 



0 20 40 60 


100 120 140 160 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


T, TEMPERATURE (OC) 

FIGURE 3 - TURN-ON TIME 


Vcc 

+30 V 


25 ms 


':n__ 



+11 V 
0 


tr, tf :£10 ns 
DUTY CYCLE = 1.0% 

RB and Rc VARIED TD DBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg; 
MBD5300 USED ABOVE Ib ~100 mA 
MSD6100 USED BELOW Ib «100 mA 



3-1167 
















Ic COLLECTOR CURRENT (mA) V, VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 


TIP41, TIP41A, TIP41B, TIP41C, NPN, TIP42, TIP42A, TIP42B. TIP42C, PNP 


FIGURE 8 - DC CURRENT GAIN FIGURE 9 - COLLECTOR SATURATION REGION 



IC, COLLECTOR CURRENT (AMP) Ib, BASE CURRENT (mA) 


FIGURE 10 - "ON" VOLTAGES FIGURE 1 1 - TEMPERATURE COEFFICIENTS 



IC, COLLECTOR CURRENT (AMP) IC, COLLECTOR CURRENT (AMP) 


FIGURE 12 - COLLECTOR CUT-OFF REGION FIGURE 13 - EFFECTS OF BASE-EMITTER RESISTANCE 



Vbe, base-emitter VAOLTAGE (VOLTS) Tj, JUNCTION TEMPERATURE (OC) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


TIP47 

TIP48 

TIP49 

TIP50 



HIGH VOLTAGE NPN SILICON POWER TRANSISTORS 

. . . designed for line operated audio output amplifier, Switchmode 
power supply drivers and other switching applications. 

• 250 V to 400 V (Min) - Vceo(sus) 

• 1 A Rated Collector Current 

• Popular TO-220 Plastic Package 

• TO-66 Leadform Avaiiable 


MAXIMUM RATINGS 


Rating 


1.0 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

250-300-350-400 VOLTS 
40 WATTS 



Emitter-Base Voltage Vgs 


Collector Current— Continuous Ic 

^ Peak 

Base Current Ib 

Total Power Dissipation Pq 

@Tc = 25OC 

Derate above 25° C ' " 

Total Power Dissipation Pp 

@ Ta = 25° C 
Derate above 25° C 
Undamped Inducting Load E 

Energy (See Figure 8) 

Operating and Storage Junction Tj,Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

3.125 

°C/W 

Thermal Resistance, Junction to Ambient 

^dJA 

62.5 

°c/w 




dh’ 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


FIGURE T- POWER DERATING 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION; INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 










1 









40 60 80 100 

Tc, CASE TEMPERATURE (°C) 




CASE 221A 04 
TO-220AB 
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TIP47, TIP48, TIP49, TIP50 NPN 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min \ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
dc = 30 mAdc, Ib = 0) 

TIP47 

TIP48 

TIP49 

TIP50 

VCEO<sus) 

250 

300 

350 

400 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(VcE = 150 Vdc, lB = 0) 

.TIP47 


- 

1.0 


(VcE = 200Vdc, lB = 0) 

TIP48 


- 

1.0 


(VcE = 250 Vdc, Ib = 0) 

TIP49 


- 

1.0 


(VcE = 300 Vdc, Ib = 0) 

TIP50 


1 

1.0 


Collector Cutoff Current 


'CES 



mAdc 

(VcE = 350 Vdc, Vbe = 0) 

TIP47 


- 

1.0 


(VcE = 400 Vdc, Vbe = o) 

TIP48 


- 

1.0 


(VcE = 450 Vdc, Vbe = 0) 

TIP49 


- 

1.0 


(VcE = 500 Vdc, Vbe = o) 

TIP50 


- 

1.0 


Emitter Cutoff Current 


'ebo 

- 

1.0 

mAdc 

(Vbe = 5.0 Vdc, ic = 0) 

i 






ON CHARACTERISTICS (1) 


DC Current Gain 

(iC = 0.3 Adc, VcE = 10 Vdc) 
dc = I.OAdc, VcE = 10 Vdc) 

'iFE 

30 

10 

150 

~ 

Co 1 lector-E m itter Satu ration Vol tage 
(IC= I.OAdc, Ib = 0.2 Adc) 

VcE(sat) 

- 

1.0 

Vdc 

Base-Emitter On Voltage 

dc= I.OAdc, VcE = 10 Vdc) 

VBE(on) 

- 

1,5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

dc = 0.2 Adc, VcE = 10 Vdc, f = 2.0 MHz) 

It 

10 

- 

MHz 

Small-Signal Current Gain 

dc = 0.2 Adc, VcE = 10 Vdc, f = 1.0 kHz) 

hfe 

25 

- 

- 


(1 ) Pulse Test: Pulsewidth ^ 300 jus, Duty Cycle 2.0%. 


FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 

TURN-ON PULSE 




0.02 0.05 0.1 0.2 0.5 1.0 2.( 

Iq, collector current (AMPS) 
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TIP47, TIP48, TIP49, TIP^O NPN 


FIGURE 4 - 










hpE, DC CURRENT GAIN 


TIP47, TIP48, TIP49, TIP50 NPN 


FIGURE 8 - INDUCTIVE LOAD SWITCHING 


Voltage and Current Waveforms 



tw 3 ms 
(See Note A) 


0.63 A - 
Collector 
Current 

0 V- 


VCER 1 


Note A: Input pulse width is increased until Iq|^ = 0.63 A. 



FIGURE 9 - DC CURRENT GAIN 


FIGURE 10 - "ON" VOLTAGES 




IC, COLLECTOR CURRENT (AMPS) 



VRP/nnl @ Vrc =4 V 


VcE(sat)@'c/'B = 5.0 V 


0.02 0.04 0.06 0.1 


0.2 0.4 0.6 


IC, COLLECTOR CURRENT (AMPS) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain — 

hpE = 2500 (Typ) @ Iq = 4.0 Adc 

• Collector-Emitter Sustaining Voltage - @ 30 mAdc 

VcEOIsus) = 60 Vdc (Min) - TIP100, TIP105 
= 80Vdc(Min)-TIP101,TIP106 
= 100 Vdc (Min) - TIP102. TIP107 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) “ 2.0 Vdc (Max) @ lc = 3.0 Adc 
= 2.5 Vdc (Max) @ Iq = 8.0 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 

• TO-220AB Compact Package 

• TO-66 Leadform Also Available 


^MAXIMUM RATINGS 


Rating 

Symbol 

TIP100, TIP101, TIP102, 
TIP105 TIP106 TIP107 

Unit 

Collector-Emitter Voltage 

VCEO 

60 ~80 100 

Vdc 

Collector-Base Voltage 

VCB 

60 80 100 

Vdc 

Emitter-Base Voltage 

Veb 

5,0 — 

Vdc 

Collector Current — Continuous 

Peak 

'c 

8.0 ^ 

15 1- 

Adc 

Base Current 

•b 

1.0 ► 

Adc 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

— 80 ► 

^ 0.64 

Watts 

W/OC 

Undamped Inductive Load Energy (1) 

E 

-i 30 

mJ 

Total Power Dissipation @ T/^ = 25°C 
Derate above 25°C 

Pd 

2.0 

0.016 ► 

Watts 

\N/°C 

Operating and Storage Junction 
Temperature Range 

Tj' Tstg 

— -65 to +1 50 

°C 


THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rfljc 

1.56 

OC/W 

Thermal Resistance, Junction to Ambient 

R0JA 

62.5 

OC/W 


(1) IC = 1-1 A, L = 50 mH, P.R.F. = 10 Hz, Vcc = 20 V, Rre = 100 



NPN 

PNP 

TIPlOO 

TIP105 

TIPlOl 

TIP106 

T1P102 

TIP107 



STYLE 1; 

PINT BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGUURITIES ARE ALLOWED. 



CASE 221A-04 
TO-220AB 
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TIP100, TIP101, TIP102 NPN/TIP105, TIP106, TIP107 PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 


VcEO(sus) 



Vdc 

{\q = 30 mAdc, Is = 0) 

TIP100,TIP105 


60 

— 



TIP101,TIP106 


80 

- 



TIP102, TIP107 


100 

- 


Collector Cutoff Current 


•CEO 



MAdc 

(VcF =30 Vdc, Ib = 0) 

TIP100,TIP105 



50 


(VcE =40 Vdc, Ib = 0) 

TIP101,TIP106 



50 


(VcE = 50 Vdc, Ib = 0) 

TIP102,TIP107 


- 

50 


Collector Cuttoff Current 


•CBO 



MAdc 

(VcB =60 Vdc, Ie =0) 

TIP100.TIP105 


- 

50 


(VcB = 80 Vdc, Ie = 0) 

TIP101,TIP106 


- 

50 


(VcB = 100 Vdc, Ie = 0) 

TIP102,TIP107 


- 

50 


Emitter Cutoff Current 


•ebo 

- 

8.0 

mAdc 

(Vbe = 5.0 Vdc, lc = 0) 







ON-CHARACTERISTICS (1) 


DC Current Gain 

(IC = 3.0 Adc,VcE =4.0 Vdc) 
dc = 8.0 Adc, VcE = 4.0 Vdc) 

hpE 

1000 

200 

20,000 

- 

Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

(IC = 3.0 Adc, Ib = 6.0 mAdc) 


- 

2.0 


(IC = 8.0 Adc, Ib =80 mAdc) 


- 

2.5 


Base-Emitter On Voltage 

VBE(on) 



Vdc 

dc = 8.0 Adc, Vqe = 4.0 Vdc) 


- 

2.8 



DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

dc = 3.0 Adc, VcE = 4.0 Vdc, f = 1 .0 MHz) 

Ihfe 1 

4.0 



Output Capacitance 

Oob 



pF 

(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) TIP105, TIP106, TIP107 


- 

300 


TIP100,TIP101,TIP102 


- 

200 



(1 ) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2%. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - SWITCHING TIMES 


V2 

approx 
+8.0 V 


Vi 

approx 
-12 V 



Ir, If 10 ns 
DUTY CYCLE = 1.0% 


For NPN test circuit reverse all polarities. 



Ic, COLLECTOR CURRENT (AMP) 
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hfe. SMALL-SIGNAL CURRENT GAIN _ IQ, LULLtbl UH OUHHtN I (IMAJ r(t), TRANSIENT Tl 


TIP100, TIP101, TIP102 NPN/TIP105, TIP106, TIP107 PNP 



0.03— 

0.02^’^- 


0.01 L_ 

0.01 0,02 


■SINGLE PULSE — 

1 1 iiiir 

0,05 0,1 


trui 


k'H 

DUTY cycle, D = ti/t2 


2.0 5.0 

t, TIME (ms) 


R0JC= 1.560C/W Max 


D CURVES APPLY FOR POWER 


PULSE TRAIN SHOWN 


REAOTIME ATt] 
Tj(pk) -Tc = P(pk)Z0jC(t) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



TIPlOO.TIPlOB 


TIP101,TIP106 


TIP102,TIP107 


2.0 5.0 10 20 50 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(pi^) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) < 150°C. Tj(p|<;) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 


FIGURE 6 - SMALL-SIGNAL CURRENT GAIN 


FIGURE 7 - CAPACITANCE 
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V, VOLTAGE (VOLTS) ^CE. COLLECTOR EMITTER VOLTAGE (VOLTS) CURRENT GAIN 






MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain - 

hpE = 2500 (Typ) @ Ic = 1.0 Adc 

• Col lector- Emitter Sustaining Voltage - @ 30 mAdc 

VcEO(sus) = 60 Vdc (Min) - TIP110,TIP115 
= 80 Vdc (Min) - TIP111,TIP116 
= 100 Vdc (Min) - TIP112,TIP117 

• Low Col lector- Emitter Saturation Voltage - 

VCE(sat) = 2.5 Vdc (Max) @ Ic = 2.0 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 

• TO-220AB Compact Package 

• TO-66 Leadform Also Available 


♦MAXIMUM RATINGS 


Rating 

Symbol 

TIP110, 

TIP115 

TIP111, 

TIP116 

TIP1 12, 
TIPT17 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80^ 

100 

Vdc 

Collector-Base Voltage 

VCB 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

Veb 

^ 5.0 ► 

Vdc 

Collector Current — Continuous 

Peak 

•c 

2.0 ^ 

-^1 4.0 ► 

Adc 

Base Current 

•b 

^ 50 ► 

mAdc 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

50 ► 

^ 0.4 ► 

Watts 

W/OC 

Total Power Dissipation @ T^ = 25°C 
Derate above 25°C 

Pd 

2.0 ► 

^ ^ — 0.016 ► 

Watts 

W/OC 

Undamped Inductive 

Load Energy — Figure 13 

E 

^ 25 ► 

mJ 

Operating and Storage Junction, 

Tj'^stg 

65 to +150 ► 

OC 


THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rfljc 

2.5 

OC/W 

Thermal Resistance, Junction to Ambient 

R0JA 

62.5 

OC/W 



NPN 

PNP 

TIPllO 

TIP115 

TIPlll 

TIP116 

TIP112 

TIPI 17 


DARLINGTON 
2 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80-100 VOLTS 
50 WATTS 
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TIP1 10, TIP1 11, TIP1 12, NPN, TIP115, TIP1 16, TIP1 17, PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 
dc = 30 mAdc, Ib = 0) 

TIP110,TIP115 

TIP111,TIP116 

TIP112,TIP117 

Collector Cutoff Current 
(Vce = 30 Vdc, Ib=0) 

(VcE =40 Vdc, Ib = 0) 

(VcE = 50 Vdc, Ib = 0) 

TIP110,TIP115 

TIP111,TIP116 

TIP112,TIP117 

Collector Cutoff Current 
(VcB =60 Vdc, Ig =0) 

(Vcb = 80 Vdc, Ie = 0) 

(VcB = 100 Vdc, Ie = 0) 

TIP110,TIP115 

TIP111,TIP116 

TIP112,TIP117 

Emitter Cutoff Current 
(Vbe = 5.0 Vdc, Ic = 0) 

ON CHARACTERISTICS (1) 



DC Current Gain 

dc = 1.0 Adc, VcE =4.0 Vdc) 
(In = 2.0 Adc, VcE =4.0 Vdc) 


Collector-Emitter Saturation Voltage 
dc = 2.0 Adc, Ib = 8.0 mAdc) 


Base-Emitter On Voltage 

dc = 2.0 Adc, VcE = 4.0 Vdc) 




Small-Signal Current Gain 

dc = 0.75 Adc, VcE = 10 Vdc, f = 1 .0 MHz) 

Output Capacitance 

(VcB = 10 Vdc, Ie =0.f = 0.1 MHz) TIP1 15, TIP1 16, TIP1 17 

TIP110.TIP111.TIP112 


(1 ) Pulse Test: Pulse Width < 300 /us, Duty Cycle < 2%. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - SWITCHING TIMES 


RB & Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
Di, MUST BE EAST RECOVERY TYPES, e.g., 

MBD5300 USED ABOVE Ib ^ 100 mA 
MSD6100USED BELOW Ib ' 100 mA 



tr, tf < 10 ns 
DUTY CYCLE = 


for td and tr, 0i is disconnected 
and V2 = 0, Rb and Rc are varied 
to obtain desired test currents. 

For NPN test circuit, reverse diode, 
polarities and input pulses. 



0 . 

0.04 0.06 


IC, COLLECTOR CURRENT (AMP) 
















t, TIME (msl 


ACTIVE-REGION SAFE-OPERATING AREA 


FIGURE 5 - TIP115, 116, 117 
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1.0 10 40 60 80 100 


Vq£, collector emitter voltage (VOLTS) 



V^E, COLLECTOR EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figures 5 and 6 is based on Tj(pk) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj(p(^) <Cl50®C. Tj(pk) 
may be calculated from the data in Figure 4. At high case tempera- 
tures, thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second breakdown. 


FIGURE 7 - CAPACITANCE 
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MOTOROLA 


I SEMICONDUCTOR 

TECHNICAL DATA 


PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain - 

hpE = 2500 (Typ) @ Iq = 4.0 Adc 

• Collector- Emitter Sustaining Voltage — @ 100 mAdc 

VcEO(sus) = 60 Vdc (Min) - TIP120, TIP125 
= 80 Vdc (Min) -TIP121,TIP126 
= 100 Vdc (Min) - TIP122, TIP127 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 2.0 Vdc (Max) @ lc = 3.0 Adc 
= 4.0 Vdc (Max) @ Iq = 5.0 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 

• TO-220AB Compact Package 

• TO-66 Leadform Also Available 


^MAXIMUM RATINGS 


Rating 

Symbol 

TIP120, 

TIP125 

TIP121, 

TIP126 

TIP122, 

TIP127 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

100 

Vdc 

Collector-Base Voltage 

VCB 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

00 

Ul 

> 


Vdc 


Collector Current — Continuous 

Peak 

■c 


Adc 

^ 3.0 ► 


Base Current 

•b 


mAdc 


Total Power Dissipation @ = 25°C 

Derate above 25°C 

pd 


Watts 

W/°C 

^ 0.52 ► 

Total Power Dissipation @ T/\ = 25°C 
Derate above 25°C 

Pd 

-• ? 0 r 

Watts 

W/°C 



Undamped Inductive 

Load Energy (1) 

E 

0 50 ^ 

mJ 


Operating and Storage Junction, 
Temperature Range 

Tj' ^stg 


OC 



THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.92 

OC/W 

Thermal Resistance, Junction to Ambient 

R0JA 

62.5 

OC/W 


(1) lc= 1 A, L= 100 mH, P.R.F. = 10 Hz, Vcc = 20 V, Reg = 100 



0 20 40 60 80 100 120 140 160 

T, TEMPERATURE (OC) 


NPN 

PNP 

TIP120 

TIP125 

TIP121 

TIP126 

TIP122 

TIP127 


DARLINGTON 
5 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80-100 VOLTS 
65 WATTS 




3 
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TIP120,TIP121, TIP122;NPW, TIPI 25, TIPI 26, TIPI 27, PNP 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max } Unit" 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
dC * 100 mAdc, Ib = 0) 

TIP120,TIP125 

TIP121,TIP126 

TIP122,TIP127 

VcEO(sus) 

60 

80 

100 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

(VcE = 30 Vdc, Ib = 0) 

TIP120,TIP125 


- 

0.5 


(VcE = ^0 Vdc, Ib = 0) 

TIP121,TIP126 


- 

0.5 


(Vce = 50 Vdc, Ib = 0) 

TIP122,TIP127 


- 

0.5 


Collector Cutoff Current 


•CBO 



mAdc 

(Vcb =60 Vdc, Ie =0) 

TIP120,TIP125 


_ 

0.2 


(VcBi=80 Vdc, Ie = 0) 

TIP121,TIP126 


- 

0.2 


(Vcb = 100 Vdc, ie-0) 

TIP122,TIP127 


- 

0.2 


Emitter Cutoff Current 


(ebo 

_ 

2.0 

mAdc 

(Vbe = 5.0Vdc, lc = 0)' 







ON characteristics (1) 


DC Current Gain 

dc = 0.5 Adc, VcE = 3.0 Vdc) 
dc * 3.0 Adc, VcE = 3.0 Vdc) 

hpE 

1000 

1000 

- 


Collector-Emitter Saturation Voltage 
dc * 3,0 Adc, Ib = 12 mAdc) 
dc * 5.0 Adc, Ib = 20 mAdc) 

VcE(sat) 

- 

2.0 

4,0 

Vdc 

Base-Emitter On Voltage 

dc = 3.0 Adc,VcE = 3.0 Vdc) 

VBE(on) 

_ 

2.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

dc = 3.0 Adc, VcE = 4.0 Vdc, f = 1 .0 MHz) 

Ihfel 

4,0 

_ 


Output Capacitance 

Oob 



PF 

(Vcb = 10 Vdc, Ie = 0,f = 0.1 MHz) TIP125,TIP126,TIP127 


- 

300 


TIP120,TIP121,TIP122 


- 

200 



(1 ) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2%. 


FIGURE 2 -- SWITCHING TIMES TEST CIRCUIT 



tr, tf < 10 ns For NPN test circuit reverse all polarities. 

DUTY CYCLE = 1,0% 


FIGURE 3 - SWITCHING TIMES 
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hfe, SMALL-SIGNAL CURRENT GAIN _ 'C- COLLECTOR CURRENT (AMP) r(t). TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


TIP120, TIP121, TIP122, NPN, TIP125, TIP126, TIP127, PNP 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate 1^; VqE limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T j(p|<) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<;) < 150°C. Tj(p|<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 


FIGURE 6 - SMALL-SIGNAL CURRENT GAIN FIGURE 7 - CAPACITANCE 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


NPN 

TIP140 

TIP141 

TIP142 


PNP 

TIP145 

TIP146 

TIP147 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low frequency 
switching applications. 

• High DC Current Gain — Min hpE = 1 000 @ Iq = 5 A, VcE = 4 V 

• Collector-Emitter Sustaining Voltage — @ 30 mA 

VCEO(sus) = 60 Vdc (Min) — TIPI 40, TIPI 45 
80 Vdc(Min) — TIP141, TIP146 
100 Vdc (Min) — TIP142, TIP147 

• Monolithic Construction with Built-In Base-Emitter Shunt Resistor 



MAXIMUM RATINGS 


Rating 

Symbol 

TIP140 TIPI 41 

TIP145 TIP146 

TIPI 42 

TIPI 47 

r 

Unit 

1 

Collector-Emitter Voltage 

VCEO 

60 80 

100 

Vdc 


Collector-Base Voltage 

VCB 

o 

C50 

o 

CD 

100 

Vdc 


Emitter-Base Voltage 

Veb 

5.0 

Vdc 


Collector Current — Continuous 
Peak (1) 

'c 

10 

15 

Adc 


Base Current — Continuous 

>B 

0.5 

Adc 


Total Device Dissipation 
@Tc= 25°C 

Pd 

125 

Watts 


Operating and Storage Junction 
Temperature Range 

Tj'Tstg 

-65 to +1 50 

°C 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 

Max 

Unit 


Thermal Resistance, Junction to Case 

R0JC 

1.0 

^C/\N 

1 

Thermal Resistance, Case to Ambient 

^dJA 

35.7 

°C/W 


;i ) 5 ms, <10% Duty Cycle 



10 AMPERE 
DARLINGTON 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-100 VOLTS 
1 25 WATTS 




00 

\ 1 

o_ 

1 


.. 




A 

1 


^ 1 

L 

1 2 3 

1 






K 

1 



U-D 


STYLE 1: 

1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

20.32 

21.08 

0.800 

0.830 

B 

15.49 

15.90 

0.610 

0.626 

C 

4.19 

5.08 

0.165 

0.200 

D 

1.02 

1.65 

0.040 

0.065 

E 

1.35 

1.65 

0.053 

0.065 

G 

5.21 

5.72 

0.205 

0.225 

H 

2.41 

3.20 

0.095 

0.126 

J 

0.38 

0.64 

0.015 

0.025 

K 

12.70 

15.49 

0.500 

0.610 

L 

15.88 

16.51 

0.625 

0.650 

N 

12.19 

12.70 

0.480 

0.500 

Q 

3.94 

4.19 

0.155 

0.165 


CASE 340-01 
TO-218AC 
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TIP140, TIP141, TIP142 NPN.TIP145. TIP146, TIP147 PNP 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic I Symbol I Min \ Typ I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
dC = 30 mA, Ib = 0) 

T1P140, TIPI 45 

TIPI 41, TIPI 46 

TIPI 42, TIPI 47 

VcEO(sus) 

60 

80 

100 

- 

- 

Vdc 

Collector Cutoff Current 


•CEO 




mA 

(VcE = 30 Vdc, Ib = 0) 

TIPI 40, TIPI 45 


— 

— 

2.0 


(VcE = 40 Vdc, Ib = 0) 

TIP141,TIP146 


— 

— 

2.0 


(VcE = 50 Vdc, Ib = 0) 

TIPI 42, TIPI 47 

1 

— 

— 

2.0 


Collector Cutoff Current 


•CBO : 




mA 

(Vcb=60 V, Ie = 0) 

TIPI 40, TIPI 45 


— 

— 

1.0 


(Vcb = 80V, Ie = 0) 

TIPI 41, TIPI 46 


— 

— 

1.0 


(VcB= 100 V, Ie = 0) 

TIPI 42, TIPI 47 

i 

- 

- 

1.0 


Emitter Cutoff Current Vbe = 5.0 V 

'ebo 

- 

- 

2.0 

mA 


ON CHARACTERISTICS (1) 


DC Current Gain 
(IC= 5.0 A, Vce = 4.0 V) 

(IC= 10 A, VcE = 4.0 V) 

hpE 

1000 

500 

- 

- 


Collector-Emitter Saturation Voltage 
(IC = 5.0A, Ib= 10 mA) 

(IC= 10 A, lB=40mA) 

VCE(sat) 

- 

- 

2,0 

3.0 

Vdc 

Base-Emitter Saturation Voltage 
(IC= 10A, Ib = 40 mA) 

VBEIsat) 

— 

— 

3.5 

Vdc 

Base-Emitter On Voltage 
(IC= 10 A, VcE = 4.0 Vdc) 

VBE(on) 

— 

1 

3.0 

Vdc 


SWITCHING CHARACTERISTICS 


1 Resistive Load (See Figure 1) 






Delay Time 

(Vcc = 30 V, Ic = 5.0 A, 

Ib = 20 mA, Duty Cycle ^ 2.0%, 

Ibi = Ib2. Rc & Rb Varied, Tj = 25°C) 

Id 

- 

0.15 

- 

/us 

Rise Time 

tr 

— 

0.55 

— 

/us 

Storage Time 

Is 

— 

2.5 

— 

/us 

Fall Time 

tf 

- 

2.5 

- 

fXS 


( 1 ) Pulse Test: Pulse Width = 300 /lis. Duty Cycle ^ 2.0%. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 2 - SWITCHING TIMES 



For NPN test circuit reverse diode and voltage polarities. 



0.5 1.0 3.0 5.0 

IC, COLLECTOR CURRENT (AMP) 
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TIPI 40. TIPI 41, TIPI 42 NPN, TIPI 45, TIPI 46, TIPI 47 PIMP 


ACTIVE-REGION SAFE OPERATING AREA 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate lc~VcE limits of the 
transistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 


FIGURE 6 - ACTIVE-REGION SAFE OPERATING AREA 



? l I 11 I I I I I I I 

10 15 20 30 50 70 100 


VcE, COLLECTOR-EMinER VOLTAGE (VOLTS) 


curves indicate. 

The data of Figure 6 is based on Tj(pk) = 1 50°C; Tc is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 

FIGURE 7 - UNCLAMPED INDUCTIVE LOAD 



FIGURE 8 - INDUCTIVE LOAD 



NOTE 1 : Input pulse width is increased until Iqm = 1 .42 A. 
NOTE 2; For NPN test circuit reverse polarities. 


Input 1 1 

Voltage _| | 

v^,«7.0rT 

IS (See Note 1 ) 

Collector 

Current — L i 

1 00 ms -• 

^ ! 

1 .42 A "1“ ] 


1 

''Ch(sat; — j — r 

-20 vH 




Collector i 
Voltage 1 
V(BR)CER 

VOLTAGE AND CURRENT WAVEFORMS 


FIGURE 9 - MAGNITUDE OF COMMON EMITTER 
SMALL-SIGNAL SHORT-CIRCUIT FORWARD 
CURRENT TRANSFER RATIO 


FIGURE 10 - FREE-AIR TEMPERATURE 
POWER DERATING 




f. FREQUENCY (MHz) Ta, FREE-AIR TEMPERATURE (°C) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


COMPLEMENTARY SILICON POWER TRANSISTORS 

. . . designed for general-purpose switching and amplifier 
applications. 

• DC Current Gain — hpE = 20-70 (5) = 4.0 Adc 

• Collector-Emitter Saturation Voltage — VcE(sat) “1-1 Vdc (Max) 

(a) Ic = 4.0 Adc 

• Excellent Safe Operating Area 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Un 

Collector-Emitter Voltage 

VCEO 

60 

Vd 

Collector-Emitter Voltage 

VCER 

70 

Vd 

Collector-Base Voltage 

VCB 

100 

Vd 

Emitter-Base Voltage 

veb 

7.0 

Vd 

Collector Current — Continuous 

•c 

15 

Ad 

Base Current 

•b 

7.0 

Ad 

Total Power Dissipation @ = 25°C 

Pd 

90 

Wa 

Derate above 25°C 


0.72 

W/ 

Operating and Storage Junction 

7j Jstg 

-65 to +1 50 


Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Un 

Thermal Resistance, Junction to Case 

R0JC 

1.39 

°C/ 

Thermal Resistance, Junction to Ambient 

P0JA 

35.7 

°c/ 


FIGURE 1 - DC CURRENT GAIN 



IC, COLLECTOR CURRENT (AMP) 
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TIP3055NPN, TIP2955PNP 


ELECTRICAL CHARACTERISTICS (Tc= 25°C unless otherwise noted) 

Characteristic | Symbol [ Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

(IC = 30 mAdc, Ib = 0) 

VCEO(sus) 

60 

— 

Vdc 

Collector Cutoff Current 
(VcE = 70 Vdc, Rbe = 1 00 Ohms) 

'CER 

— 

1.0 

mAdc 

Collector Cutoff Current 
(VcE = 30 Vdc, Ib = 0) 

•CEO 

— 

0.7 

mAdc 

Collector Cutoff Current 
(VcE = 100 Vdc, VBE(off) = 1 5 Vdc) 

'CEV 

- 

5.0 

mAdc 

Emitter Cutoff Current 
(Vbe = 7.0 Vdc, Ic = 0) 

•ebo 

— 

5.0 

mAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 
dC = 4.0 Adc, Vce = 4.0 Vdc) 

(IC= lOAdc, Vce = 4.0 Vdc) 

hpE 

20 

5.0 

70 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

(Ic = 4.0 Adc, Ib = 400 mAdc) 


— 

1.1 


(IC= 10 Adc, Ib = 3.3 Adc) 


- 

3.0 


Base-Emitter On Voltage 

VBE(on) 

— 

1.8 

Vdc 

(Ic = 4.0 Adc, Vce = 4.0 Vdc) 






SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

>s/b 

3.0 

— 

Adc 

(Vce " 30 Vdc, t = 1 .0 s; Nonrepetitive) 






DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 
(Ic = 0.5 Adc, Vce = 1 0 Vdc, f = 1 .0 MHz) 

fT 

2.5 

— 

MHz 

Small-Signal Current Gain 
(Vce = 4.0 Vdc, Ic = 1 0 Adc, f = 1 .0 kHz) 

bfe 

15 

— 

kHz 


(1 ) Pulse Test; Pulse Width = 300 fis. Duty Cycle ^2.0%. 

Note; For additional design curves, refer to electrical characteristics curves of 2N3055. 


FIGURE 2 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 



There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic-VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 2 is based on T^ = 25°C; Tj(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 1 0% but must be 
derated for temperature. 
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